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PREFACE TO THIRD EDITION. 



The advances that have been made in Bacteriology since 
the appearance of the second edition are so few that it has 
been unnecessary to make any great changes in the present 
edition. The article on "Diphtheria" has been carefully 
revised, and the latest knowledge concerning the Antitoxin 
treatment added. An article on the " Bacteriologic Exam- 
ination of the Organs and Cavities of the Human Body " has 
been added to the Appendix. 

Mindful as we are of the limitations of this little work, we 
are thankful for the many kind praises it has received. That 
a third edition should be demanded is very gratifying to us. 

M. V. B. 
Philadelphia, Oct. 1, 1896, 

629 Pine Street. 
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PREFACE TO FIRST EDITION. 



Feeling the need of a Compendium on the subject of 
this work, it has been our aim to produce a concise treatise 
upon the Practical Bacteriology of to-day^ chiefly for the 
medical student, which he may use in his laboratory. 

It is the result of experience gained in the Laboratory 
of the Hygienical Institute, Berlin, under the guidance of 
Koch and Prankel; and of information gathered from the 
original works of other German, as well as of French, 
bacteriologists. 

Theory and obsolete methods have been slightly touched 
upon. The scope of the work, and want of space, forbade 
adequate consideration of them. The exact measurements 
of bacteria have not been given. The same bacterium 
varies often much in size, owing to differences in the media, 
staining, etc. 

We have received special help from the following books, 
which we recommend to students for further reference : — 

Mac£: Trait6 pratique de Bacteriologie. 
Frankel: Grundriss der Bakterienkunde. 
Eisenberg: Bakteriologische Diagnostik. 
Crookschank, E. M. : Manual of Bacteriology. 
Gunther: EinfUhriiig in das Studium der Bacteriologie, etc. 
WooDHEAD AND Hare : Pathological Mycology. 
Salmonsen: Bacteriological Technique (English translation). 



M. V. BALL. 



BUPPALO, N. Y., October 1, 1891. 
62 Delaware Avenue. 
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INTRODUCTION. 



History. — The microscope was invented about the latter 
part of the sixteenth century ; and soon after, by its aid, 
minute organisms were found in decomposing substances. 
Kircher, in 1646, suggested that diseases might be due to 
similar organisms ; but the means at his disposal were in- 
suflBcient to enable him to prove his theories. Anthony 
Van Leuwenhoeck, of Delft, Holland (1680 to 1723), so 
improved the instrument that he was enabled thereby to 
discover micro-organisms in vegetable infusion, saliva, fecal 
matter, and scrapings from the teeth. He distinguished 
several varieties, showed them to have the power of loco- 
motion, and compared them in size with various grains of 
definite measurement. It was a great service that this 
"Dutch naturalist" rendered the world; and he can rightly 
be called the " father of microscopy." 

Various theories were then formulated by physicians to 
connect the origin of different diseases with bacteria; but no 
proofs of the connection could be obtained. Andry, in 1701, 
called bacteria worms. Miiller, of Copenhagen, in 1786, made 
a classification composed of two main divisions — monas and 
vibrio ; and with the aid of the compound microscope was 
better able to describe them. Ehrenberg, in 1833, with still 
better instruments, divided bacteria into four orders: bac- 
terium, vibrio, spirillum, and spirochaete. It was not until 
1863 that any positive advance was made in connecting 
bacteria with disease. Rayer and Davaine had in l^5kC^ 
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already found a rod-shaped bacterium in the blood of ani- 
mals suffering from splenic fever (sang de rate), but they 
attached no special significance to their discovery until 
Pasteur made public his grand researches in regard to fer- 
mentation and the role bacteria played in the economy. 
Then Davaine resumed his studies, and in 1863 established 
by experiments the bacterial nature of splenic fever or an- 
thrax. 

But the first complete study of a contagious affection was 
made by Pasteur in 1869, in the diseases affecting silk-worms 
— pebrine and flacherie — which he showed to be due to micro- 
organisms. 

Then Koch, in 1876, described more fully the anthrax 
bacillus, gave a description of its spores and the properties 
of the same, and was enabled to cultivate the germ on arti- 
ficial media ; and, to complete the chain of evidence, Pas- 
teur and his pupils supplied the last link by reproducing the 
same disease in animals by artificial inoculation from pure 
cultures. The study of the bacterial nature of anthrax has 
been the basis of our knowledge of all contagious maladies, 
and most advances have been made first with the bacterium 
of that disease. 

Since then bacteriology has grown to huge proportions — 
become a science of itself — and thousands of earnest workers 
are adding yearly solid blocks of fact to the structure, which 
structure it will be our aim to briefly describe in the pages 
which are to follow. 
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PART I. 

GENERAL CONSIDERATIONS. 



CHAPTER L 

BAOTEBIA. 

Bacteria (doueti^pioy, little staff) is the name given to a group 
of the lowest form of plants, very closely following the algse. 
They were called Mssion-Fungi or Schizomycetes (a%tiu>j to cleave, 
fttf%j7S, fungus), because it was thought that, as the Fungi, they 
lived without the chlorophyll. The word fission was supplied 
to distinguish them from moulds and yeasts, it denoting the 
manner of reproduction. Since several bacteria have been 
found to possess chlorophyll, and as a great many increase in 
other ways than by simple fission — the name of Schizomycetes 
can no longer be applied, though the word Bacteria leaves much 
to be desired. 

Classification. Ferdinand Cohn, in the middle of the present 
century, was the first to demonstrate bacteria to be of vegetable 
origin, they being placed previous to that among the infusoria. 
He arranged them according to their form under four divisions. 

Cohn's System. I* Spherobacteria (globules). 

II. Microbacteria (short rods). 

III. Desmobacteria (long rods). 

IV. Spirobacteria (spirals). 

As expressed at the present time. Micrococcus, Bacillus, and 
Spirillum. This classification is very superficial, but because a 
better one has not been found it is most in use to-day. 

2 VV\^ 
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De Bary's System. Be Bary divides bacteria into two groups, 
those arising &om or giving rise to endospores and those devel- 
oped from arthrospores. This division has a more scientific 
value than the first. 




/ 



^ 








MicrococcuB. Spirillum. Bacillus. 



Stmctnre. Bacteria are cells ; they appear as round or cylin- 
drical of an average diameter or transverse section of 0.001 mm. 
(=1 micromillimeter), written 1 fi. The cell, as other plant- 
cells, is composed of a membranous cell- wall and cell-contents ; 
"cell-nuclei" have not yet been observed, but the latest re- 
searches point to their presence. 

Cell-Wall. The cell-wall is composed of plant cellulose, which 

i can be demonstrated in some cases by the tests for cellulose. 

The membrane is firm and can be brought plainly into view by 

the action of iodin upon the cell-contents which contracts them. 

Cell-ContentB. The contents of the cell consist mainly of 
protoplasm, usually homogeneous, but in some varieties, finely 
granular, or holding pigment, chlorophyll, granulose, and sul- 
phur in its structure. 

It is composed chiefly of mycoproteku 

Gelatinous Membrane. The outer layer of the cell-membrane 
can absorb water and become gelatinoid, forming either a little 
envelope or capsule around the bacterium or preventing the 
separation of the newly-branched germs, forming chains and 
bunches, as strepUh and staphylococci. Long filaments are also 
formed. 

ZooglCBa. When this gelatinous membrane is very thick, irre- 
gular masses of bacteria will be formed, the whole growth being 
in one jelly-like lump. This is termed a zoogloea (Cuw, animal, 

fKtswi, glue). 
Locomotion. Many bacteria possess the faculty of self-move- 
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ment, carrying themselves in all oianuer of ways across the 
microscopic field, some very quickly, others leisurely. 

Vibratory HoremClltB. Some bacteria vibrate in themselves, 
appearing to move, but they do oot change their place ; these 
movements are denoted as molecular or " Broumian." 

Fro. 2. 




Flagdla. Little threads or lashes are found attached to many 
of the motile bacteria, either at the poles or along the sides, 
sometimes only one, and on some several, forming a tuft. 

These flagella are in constant motion and can probably be 
considered as the organs of locomotion ; they have not yet been 
discovered upon all the motile bacteria, owing no doubt to our 
Imperfect methods of obeervatiou. They can be stained and 
have been photographed. See Fig. 8. Flagella serve some- 
times to increase food-supply, and have been found on some 
species which are non-motile. 

KeprodllOti(Hl. Bacteria multiply either through simple divi- 
gbm or through frtu^ification by means of small round or oval 
bodies called spores from gpora(seed.) In the fii-st case, division, 
the cell elongates, ami at one portion, usually the middle, the 
cell-wall indents itself gradually, forming a segtun^^^A ^vrSNi^!^ 
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the cell into two equal parts, just as occurs in the higher plant 
and animal cells. See Fig. 4. 



Fig. 3. 




Flagella. 

Successive divisions take place, the new members either exist- 
ing as separate cells or forming part of a community or group. 

Fig. 4. 
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Division of a Micrococcus. (After Mac6.) 
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Division of a Bacillus. (After Mac6.) 



Spore Formations. Two forms of sporulation, Endosporous and 
ArOirosporous, First, a small granule develops in the protoplasm 
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of a bacterium, this increases in size, or several little granules 
coalesce to form au elongated, highly refractive, clearly defined 
object, rapidly attaining its real size, and this is the spore. Tlie 
remainder of the cell-contents has now disappeared, leaving 
the spore in a dark, very resistant, membrane or capsule, and 
beyond this the weak cell-wall. The cell-wall dissolves gradu- 
ally or stretches and allows the spore to be set free. 

Each bacterium gives rise to but one spore. It may be at 
either end or in the middle (Fig. 6). Some rods take on a pecu- 
liar shape at the site of the spore, making the rod look like a 
di-um-slick or sitindle, Clostridium {Fig. 6). 

Fio. 6. 





^Mjralrtlon. Aft*r I>e Bary, 

Spote CoQteilts. What the real contents of spoi'es are is not 
known. In the mother cell at the site of the sijore little gran- 
ules have been found which stain differently from the rest of 
the cell, and these are supposed to be the beginnings, the sporo- 
genic bodies. The most important part of the spore is its cnp- 
aule; to this it owes its resisting properties. It consists of two 
separate layers, a thin membrane around the cell, and a firm 
outer gelatinous envelope. 

Oennination. When brought into favorable conditions, the 
spore begins to lose its shining appearance, the outer fiiwi«ia\a.- 
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brane begins to swell, and it now assumes the shape and size 
of the cell from which it sprang, the capsule having burst, so as 
to allow the young bacillus to be set free. 

Requisites for Spore Formation. It was formerly thought that 
when the substratum could no longer maintain it, or had become 
infiltrated with detrimental products, the bacterium-cell pro- 
duced spores, or rather turned itself into a spore to escape anni" 
hilation ; but we know now that only when the conditions are 
the most favorable to the well-being of the cell, does it produce 
fruit, just as with every other type of plant or animal life, a cer- 
tain amount of oxygen and heat being necessary for good spore 
formation. 

Asporogenic Bacteria. Bacteria can be so damaged that they 
will remain sterile, not produce any spores. This condition can 
be temporary only, or permanent. 

Arthrosporoiis. All the above remarks relate to Endospores, 
spores that arise within the cells. 

In the other group called Arthrospores, individual members 
of a colony or aggregation leave the same, and become the origi- 
nators of new colonies, thus assuming the character of spores. 

The Micrococci furnish examples of this form. 

Some authorities have denied the existence of the arthro- 
sporous formation. 

Resistance of Spores. Because of the very tenacious envelope, 
the spore is not easily influenced by external measures. It is 
said to be the most resisting object of the organic world. 

Chemical and physical agents that easily destroy other life 
have very little effect upon it. 

Many spores require a temperature of 140^ C. dry heat for 
several hours to destroy them. The spores of a variety of potato- 
bacillus (bacillus mesentericus) can withstand the application of 
steam at 100^ C. for four hours. 
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CHAPTER 11. 

ORIGIN OF BACTERIA AND THEIR DISTRIBUTION. 

As Pasteur has shown, all bacteria develop from pre-existing 
bacteria, or the spores of the same. They cannot arise de novo. 

The wide and almost universal diffusion of bacteria is due to 
the minuteness of the cells and the few requirements for their 
existence. 

Yery few places are free from germs ; the air on the high seas, 
and on the mountain tops, is said to be free from bacteria, 
but it is questionable. 

One kind of bacterium will not produce another kind. 

A bacillus does not arise from a micrococcus or the typhoid 
fever bacillus produce the bacillus of tetanus. 

This subject has been long and well discussed, and it would 
take many pages to state the " pros" and ** cons," therefore, this 
positive statement is made, it being the position now held by the 
principal authorities. 

Saprophytes and Parasites. {Saprophjftes, ^oTtpos, putrid, tvfoy, 
plant. Parasites^ rtapa, aside of ^tfo^, food.) Those bacteria | 
which live on the dead remains of organic life are known as 1 
Saprophytic Bacteria, and those which choose the living bodies - 
of their fellow-creatures for their habitat are called Parasitic 
Bacteria. Some, however, develop equally well as Saprophytes 
and Parasites. They are called Facultative Parasites, 

Conditions of Life and Growth of Bacteria. Influence of Tem- 
perature. — ^In general, a temperature ranging from 10^ C. to 40^ 
C. is necessary to their life and growth. 

Saprophytes take the lower temperatures ; Parasites, the tem- j 
perature more approaching the animal heat of the warm-blooded. \ 
Some forms require a nearly constant heat, growing within very 
small limits, as the Bacillus of Tuberculosis. 

Some forms can be arrested in their development by a warmer ; 
or colder temperature, and then restored to activity by a return 
to the natural heat. 
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/ A few varieties exist only at freezing point of water ; and 
others again will not live under a temperature of 60° C. 

For the majority of Bacteria a temperature of 60° C. is de- 
structive ; and several times freezing and thawing very fatal. 
. Influence of Oxygen. — ^Two varieties of bacteria in relation to 
oxygen. The one aerobic^ growing in air ; the other, anaerobic, 
living without air. 

Obligaie asrobinSj those which exist only when oxygen is present. 

Facultative asrobinSf those that live best when oxygen is present, 
but can live without it. 

Obligate or tru^ anaerobins, those which cannot exist where 
oxygen is. FacuUaiive anasrobins^ those which exist better where 
there is no oxygen, but can live in its presence. 

Some derive the oxygen which they require out of their nutri- 
ment, so that a bacterium may be serobic and yet not require 
the presence of free oxygen, 

jSirobins may consume the free oxygen of a region and thus 
allow the anserobins to develop. By improved methods of cul- 
ture many varieties of anaerobins have been discovered. 

Influence of Light— Sunlight is very destructive to bacteria. 
A few hours' exposure to the sun has been fatal to anthrax 
bacilli, and the cultures of bacillus tuberculosis. The sun's 
rays, however, must come in direct contact with the germs, and 
are usually only active on the surface-cultures. 

Effects of MectricUy. — Electricity arrests growth. 

Vital Actions of Microbes. Bacteria feeding upon organic com- 
pounds produce chemical changes in them, not only by the with- 
drawal of certain elements, but also by the excretion of these 
elements changed by digestion. Sometimes such changes are 
destructive to themselves, as when lactic and butyric acids are 
formed in the media. 

Oxid<iti(m and reduction are carried on by some bacteria. Am- 
monia, hydrogen sulphide, and trimethylamin are a few of the 
chemical products produced by bacteria. Nitrites in the soil 
are reduced to ammonia. 

Ftomaines. Brieger found a number of complex alkaloids, 
closely resembling those found in ordinary plants, and which 
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he named ptomaines, from Tttut/ia (corpse), because obtained 
from putrefying objects. 

Feniientation. This form of " splitting up"— fermentation, 
as it is called — is due to the direct action of vegetable organisms. 
Many bacteria have the power of ferments. 

Patre£EUStion. When fermentation is accompanied by devel- 
opment of offensive gases, a decomposition occurs, which is 
called putrefaction, and this, in organic substances, is due 
entirely to bacteria. 

Liqiie&ction ' of Solid Gelatine. Some varieties of bacteria 
digest the nutrient gelatine, and so dissolve it ; others excrete 
a ferment which liquefies the gelatine — a form of peptoniza- 
tion. 

Prodnoers of Disease. Various pathological processes are 
caused by bacteria, the name given to such diseases being in- j 
fectiou8 disecLseSj and the germs themselves called disease-pro- 
ducing or pcUhogenic bacteria. Those which do not form any 
pathological process are called nonpathogenic bacteria. 

Pigmentation. Some bacteria are endowed with the property , 
of forming pigments either in themselves, or producing a chro- / 
mogenic body which, when set free, gives rise to the pigment. 
In some cases the pigments have been isolated and many of the 
properties of the aniline dyes discovered in them. 

Phosphorescence. Many bacteria have the power to form i 
light, giving to various objects which they inhabit a character- ' 
istic glow or phosphorescence. 

Fluorescence. An iridescence, or play of colors, develops in | 
some of the bacterial cultures. 

Gas Formation. Many bacteria, anaerobic ones especially, 
produce gases, noxious and odorless ; in the culture-media the 
bubbles which arise soon displace the media. 

Odors. Some germs form odors characteristic of them: some 
are pleasant and even fragrant ; others, foul and nauseous. 

Effect of Age. With age, bacteria lose their strength and die. 

Bacteria thus carry on all the functions of higher organized ; 
life ; they breathe, eat, digest, excrete, and multiply ; and they ' 
are very busy workers. 
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CHAPTER III. 

METHODS OF EXAMINATION. 



We divide the further study of the general characteristics of 
Bacteria into two portions : — 
First, the examiaalKm of baderia by aid of the microscope. 
Second. The continued study through arti/icial cuUivatvm, 
They both go hand in hand ; the one incomplete without the 

Kiorowopioal. The ordinary microscope will not suffice for 
Bacteriologic research. Certain sperial appliantes must first 
be added. It is not ro much required to liave a picture very 
large, as to have it sharp and clear. 

Oil Inunernon Lens. The penetration and clearness of a lens 
are very much influenced hy the absorption of the rays of tight 
emerging from the picture. In the ordinary diy system, many 
of tlie light rays, being bent outward by the air which is be- 
tween the object and the lens, do not enter the lens, and are 
lost. By interposing an agent which has the same refractive 
index as glass, cedar-oil, or dove-oil^ for example, all the rays 
of light from the object enter directly into the lens. 

The "Homogeneous System," or oil-immersion lens, consists 
of a system of lenses which can be dipped into a drop of cedar 
oil placed upon the coi er glass and which is then readj for use 

Abbe S Condeiuer The second necessary adjunct is a com- 
bination of lenses placed underneath the stage for bringing 
wide rajs of light directly under 
the object It serves to intensify 
the coloied pictures by absorbing 

r , t hiding the unstained structure 

M I jdl^ '^^'^ '* %ery useful in searching 

■ "^^ ^^Vl * specimen for bacteria, since it 
I ^^ ] clears the field of everything that 

~^^^ IS not stained It is called Abbe s 
Condenser Together with it is 
usually found an instrument for 
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shutting off part of the light — a blender or diapbrngm. When 
the bacteria have been found, and their relation to the structure 
is then wished to be studied, the " Abbe " is generally shut out 
by the Iria blender, and the structure comes more plainly into 
view, A white light (daylight or a Welsbach burner) is best 
for bacterial study. 




IHb Blender 



For all ttatwd Bactena the oil immersion lens and Abbe con- 
denser, without the ust. of Blender For unstained specimens, 
oil immei'Sion and the narrowed blender. 

When examining with low power objective, use a strong 
ocular. When using high power objective use weak ocular. A 
nose-piece will be found very useful, since it is sometimes neces- 
sary to change the objective on the same field, and this insures 
a great steadiness of the object. 

Great cleanliness is needed in all bacteriological methods ; but 
nowhere more so than in the microst^oplcnl examination. 

The cover-glass should be very carefully washed in alcohol, 
and dried with a^eofl linen rag. To remove the stains on the 
cover-glasses that have been used, they should be soaked in 
hydrochloric acid. 

They are well cleaned by cooking fifteen minutes in a ten per 
cent, lysol solution. 

EztuninatloB of Unstained Bacteria. As the coloring of bac- 
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teria kills them and changes their shape to some extent, it is pre- 
ferable to examine them when possible in their natural state. 

We obtain the bacteria for examination, either from liquid or 
solid media. 

From Liquids. With a long platinum needle, the end of which 
is bent into a loop, we obtain a small drop from the liquid con- 
taining the bacteria, and place it on a cover-glass or slide ; 
careful that no bubbles remain. 

Sterilize Instruments. Eight here we might say that it is 
best to accustom one's self to passing all instruments, needles, 
etc., through the flame before and after each procedure ; it in- 
sures safety ; and once in the habit, it will be done automati- 
cally. 

From Solid Media. With a straight-pointed platinum needle, 
a small pinch of the medium is taken and rubbed upon a glass 
slide, with a drop of sterilized water, or bouillon, and from this 
a little is taken on cover-glass, as before. 

Fig. 9. 






Platinum Needles. 

The cover-glass with its drop is now placed on the glass slide, 
carefully pressing out all bubbles. Then a drop of cedar-oil is 
laid on top of the cover-glass, and the oil immersion lens dipped 
gently down into it as close as possible to the cover-glass, 
the narrow blender shutting off the Abbe condenser, for this 
being an unstained specimen, we want but little light. We 
now apply the eye, and if not in focus, use the fine adjust- 
ment or the coarse, but always away from the object — i. e. towards 
us — since the distance between the specimen and the lens 



METHODS OF EXAMINATION. 



29 



is very slight, it does not require much turning to break the 
cover-glass and ruin the specimen. Having found the bacte- 
rium, we see whether it be bacillus, micrococcus, or spirillum ; 
discover if it be motile, or not. That is about all we can ascer- 
tain by this method. 

Fig. 10. 





Hanging Drop in Ck>ncaye Glass Slide. 



'KBUglng Drop. When the looped platinum needle is dipped 
into a liquid, a very finely-formed globule will hang to it ; this 
can be brought into a little cupped glass slide (an ordinary 
microscopic glass slide with a circular depression in the centre) 
in the following manner : The drop is first brought upon a 
cover-glass ; the edges of the concavity on the glass slide are 
smeared with vaseline, and the slide inverted over the drop; 
the cover-glass sticks to the smeared slide, which, when turned 
over, holds the drop in the depression covered by the cover- 
glass, thus forming an air-tight cell ; here the drop cannot 
evaporate. 

Search for the bacteria with a weak lens ; having found them, 
place a drop of cedar-oil upon the cover-glass, and bring the oil 
immersion into place (here is where a nose-piece comes in very 
usefully), careful not to press against the cell, for the cover- 
glasses are very fragile in this position. 

Search the edges of the drop rather than the middle ; it will 
usually be very thick in the centre and the bacteria not so easily 
distinguished. 
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Spores, automatic movements, fission, and cultivation in 
general can be studied for several days. This moist chamber 
can be placed in a brood-oven or on the ordinary warming 
stages of the microscope. 



CHAPTER IV. 

STAINING OP BACTERIA. 

Staining or coloring bacteria is done in order to make them 
prominent, and to obtain permanent specimens. It is also 
necessary to bring out the structure of the bacteria, and 
serves in many instances as a means of diagnosis ; and lastly, 
it would be well-nigh impossible to discover them in the tissues, 
without staining. 

Only since the anUin colors have come into active use, has 
the technology of staining become developed. 

Anilin Colors, Of the numerous dyes in the market, nearly 
all have, at one time or other, been used in staining bacteria. 
But now only a very few find general use, and with methyline 
blue and fuchsin nearly every object can be accomplished. 

Basic and Acid Dyes. Ehrlich was the first to divide the 
anilin dyes into two groups, the basic colors to which belong— 

Gentian violet. 
Methyl violet, 
Methylin blue, 
Fuchsin, 
Bismark-brown, 
And the acid colors to which eosin belongs. 

The basic dyes stain the bacteria and the nuclei of cells ; the 
acid dyes stain chiefly the tissue, leaving the bacteria almost 
untouched. Carmine and Hoematoxylin are also useful as con- 
trast stains, affecting bacteria very slightly. The anilin dyes 
are soluble in alcohol or water or a mixture of the two. 

Staining Solntions. A saturated solution of the dye is made 
with alcohol. This is called the stock or concentrated solution ; 
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1 part of this solution to about 100 parts of distilled water con- 
stitutes the ordinary aqueous solution in use or vxak solution. 

It is readily made by adding to an ounce bottle of distilled 
water enough of the strong solution until the fluid is still opaque 
in the body of the bottle, but clear in the neck of the same. 

These weak solutions should be reviewed every three or four 
weeks, otherwise the precipitates formed will interfere with the 
staining. 

Compound Solutions. By means of certain chemical agents, 
the intensity of the aniline dyes can be greatly increased. 

Mordants. Agents that "6ite" into the specimen carrying 
the stain with them, depositing it in the deeper layers, are 
called mordants or etchers. 

Various metallic salts and vegetable acids are used for such 
purpose. 

The mother liquid of the anilin dyes, anUin oil, a member of 
the aromatic benzol group, has also this property. 

Anilin Oil Water. Anilin oil is shaken up with water and 
then filtered; the anilin water so obtained is mixed with the 
dyes, forming the " anilin water gentian violet " or anilin water 
fuchsin, etc. 

Carbol Fnchsin. Carbolic acid can be used instead of anilin 
oil, and forms one of the main ingredients of Ziehl's or Neelsen's 
solution, used principally in staining bacillus tuberculosis. 
Kiihne has a carbol- me thy lin blue made similar to the carbol 
fuchsin. 

Alk ^lifii^ Stains. Alkalies have the same object as the above 
agents ; namely, to intensify the picture. Potassium hydrate, 
aramon. carbonate, and sodium hydrate are used. 

L6fiier*s alkaline blue and Koch's weak alkaline blue have in 
them potassium. 

Heat. Warming or boiling the stains during the process of 
staining increases their intensity. 

Decolorizing Agents. The object is usually over-colored in 
some part, and then decolorizing agents are employed. Water is 
sufficient for many cases ; alcohol and strong mineral acids com- 
bined are necessary in some. 
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lodin as used in Gramas Method. Belonging to this group, 
but used more in the sense of a protective, is tincture of iodin. 
It picks out certain bacteria, which it coats; prevents thetn from 
being decolorized, but allows all else to be faded. Then by 
using one of the acid or tissue dyes, a contrast color or double 
staining is obtained. Many of the more important bacteria are 
not acted upon by the iodin, and it thus becomes a very useful 
means of diagnosis. 

Fonnnlas of different Staining Solutions. 

I. — Saturated Alcoholic Solution, 

Place about 10 grammes of the powdered dye in a bottle and 
add 40 grammes of alcohol. Shake well and allow to settle. 
This can be used as the stock bottle. 

II. — Weak Solutions. 

Made best by adding about 1 part of number I. or stock solu- 
tion to 10 of distilled water. This is the ordinary solution in use. 

III.— Anilin Oil Water. 

Aniline oil 5 parts. 

Distilled water .... 100 parts. — M. 
Shake well and filter. To be made fresh each time. 

IV. — Anilin Water Dyes. 

Sat. alcoh. sol. of the dye . . 11 parts. 

Aniline oil water .... 100 parts. 

Abs. alcohol 10 parts. — M. 

Can be kept 10 days. 

V. — Alkaline Methylin Blue. 

A. Lbffler^s. 

Sat. ale. sol. methylin blue . . 30 
Sol. potass, hydrat. (1-10,000) . 100— M. 

B. Koch's. 

Sol. potass, hydrat. (10 per cent.) 0.2 

Sat. ale. sol. methyl, blue . . 1.0 
Distilled water .... 200.0— M. 
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Yl.— Carbolic Add Sohdions. 

A. ZiehJrNeelsen. 

Fuchsln (powd.) .... 1 part. 

Alcohc^ 10 parts. 

5 per cent. sol. acid, carbolic . 100 parts. —M. 
Filter. The older the solution the better. 

B. Kuhne, 

Methylin blue . . . . 1.5 

Alcohol 10.0 

5 per cent. sol. ac. carbol. . . 100.0 
Add the acid gradually. This solution loses strength with age. 

VII. — Oram^a lodin Solvtion. 

Iodine 1 

Potass, iod 2 

Aquse destillat 300. — ^M. 

YlII.—Ldffler^a Mordcmt (for flagella). 

Aq. sol. of tannin (20 per cent.) . 10 parts. 

Aq. sol. ferri sulph. (5 per cent.) . 1 part. 

Aquse decoc. of logwood (1-8) . 4 parts. — ^M. 
Keep in well-corked bottle. 

IX. — Unna^s Borax Methyl Blue, 

Borax 1 part 

Methyl blue 1 part. 

Water 100 parts.— M. 

X. — QabheVs Acid Blue (rapid stain). 

Methylin blue .... 2 

25 per cent, sulphuric acid . . 100.— M. 

XI. — Alkaline Anilin Water Solutions, 

Sodium hydrat. (1 per cent.) . . 1 

Aniline oil water .... 100. — M, 

And add — 

Fuchsin, or methyl-violet powd. . 4 

CJork well. Filter before using. 
3 
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CHAPTER V. 

GENERAL METHOD OP STAINING SPECIMENS. 

Cover-Olass Preparations. The material is evenly spread in 
as thin a layer as possible upon a cover-glass ; then, to spread 
it still more finely, a second cover-glass is pressed down upon 
the first and the two slid apart. This also secures two speci- 
mens. Before they can be stained they must be perfectly dry, 
otherwise deformities will arise in the structure. 

Drying the Speciinen.— Tlie cover-glass can be set aside to dry, 
or held in the fingers over the Bunsen burner (the fingers prevent- 
ing too great a degree of heat). Since most of the specimens 
contain a certain amount of albumenoid material, it is best in 
all cases to "fix" it, i, e., to coagulate the albumen. This is 
accomplished by passing the cover-glass (after the specimen is 
dry) three times through the flame of the burner, about three 
seconds being consumed in doing so, the glass being held in a 
small forceps, smeared side up. 

The best forceps for grasping cover-glasses is a bent one, bent 
again upward, near the ends. (Fig. 11.) It prevents the flame 
or staining-fluid from reaching the fingers. 

Fio. 11. 




Author's Bent Forceps for Holding Cover-glass over Flame. 

The object is now ready for staining. 

Staining. — A few drops of the staining solution are placed 
upon the cover-glass so that the whole specimen is covered, 
and it is left on a few minutes, the time depending upon the 
variety, the strength of stain, and the object desired. Instead 
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of placing the dye upon the object, the cover-glass can be im- 
mersed in a small glass dish containing the solution ; or, if 
heat is desired to intensify or hasten the process, a watch- 
crystal holding the stain is placed over a Bunsen burner and 
in it the cover-glass ; and, again, the cover-glass can be held 
directly in the flame with the staining fluid upon it, which 
must be constantly renewed until the process is completed, 
or the cover-glass can be heated in a test-tube. 

Semoying Excess of Stain. The surplus stain is washed off 
by dipping the glass in distilled water. 

The water is removed by drying between filter paper or 
simply allowed to run off by standing the cover-glass slant- 
wise against an object. When the specimen is to be examined 
in water (which is always best with the first preparation of 
the specimen, as the Canada balsam destroys to some extent 
the natural appearance of the bacteria), a small drop of ster- 
ilized water is placed upon the glass slide, and the cover-glass 
dropped gently down upon it, so that the cover-glass remains 
adherent to the slide. 

The dry system or the oil-immersion can now be used. 

When the object has been sufficiently examined it can be per- 
manently mounted by lifting the cover-glass off the slide (this 
Is facilitated by letting a little water flow under it, one end 
being slightly elevated). The water that still adheres is dried 
off in the air or gently over the flame, and when perfectly dry 
it is placed upon the drop of Canada balsam which has been put 
upon the glass slide. 

In placing the cover- glass in the staining solutions one must 
be careful to remember which is the spread side. 

By holding it between yourself and the window, and scraping 
the sides carefully with the sharp point of the forceps, the side 
having the specimen on it will show the marks of the instrument. 

Little glass dishes, about one-half-dozen, should be at hand 
for containing the various stains and decolorants. 

Tianie Preparations. In order to obtain suitable specimens 
for staining, very thin sections of the tissue must be made. 

As with histological preparations, the Ua&w^ v£v\x&\.\i^\\^\^<i.\\&^ 
before it can be cut thin enough. A\co\\o\ v«> Wi^Xi^'eX. ^'^'^i^* ^^^ 
this purpose. 
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Pieces of the tissue one-quarter inch in size are covered with 
alcohol for 24 to 48 hours. 

When hardened it must be fixed upon or in some firm object. 
A paste composed of— 

Gelatine 1 part. 

Glycerine 4 parts. 

Water . . ' . . . .2 parts, 
will make it adhere firmly to a cork in about 2 hours, or it can 
be imbedded in a small block of paraffine, and covered over with 
melted paraffine. Celloidin may be used as an imbedding agent, 
and formalin is useful to harden tissue quickly. 

Gutting. The microtome should be able to cut sections j^Vo 
inch in thickness ; this is the fineness usually required. 

The sections are brought into alcohol as soon as cut unless 
they have been imbedded in paraffine, when they are first washed 
in chloroform to dissolve out the paraffine. 

Staining. All the various solutions should be in readiness, 
best placed in the little dishes in the order in which they are to 
be used, as a short delay in one of the steps may spoil the speci- 
men. 

Fig. 12. 




Spatula for Lifting Sections. 

A very useful instrument for transferring the delicate sections 
from one solution to another is a little metal spatula, the blade 
being flexible. 

A still better plan, especially when the tissue is "crumbling," 
is to carry out the whole procedure on the glass-slide. 

General Principles. The section is transferred from the alco- 
hol in which it has been kept into water, which removes the 
excess of alcohol, from here into — 

Dish I, containing the stain; where it remains 5 to 15 minutes. 
Then— 

Dish II, containing 5 per cent acetic acid (1 to 20) ; where it 
remains ^ to 1 min. The acid removes the excesB of staiu. 
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Diah III, vxUfT to rinse off the acid. The section can now be 
placed under the microecope covered with cover-glass to see if 
the intensity of the stain is suiEcient or too great. A second 
section is then taken, avoiding the errors, if any; and having 
reached this stage proceeded with as follows : — 

Dish IV, alcohol, 2 to 3 seconds to remove the water in the 
tissue. 

V. A few drops of oil of cloves, just long enough to clear the 
specimen to make it transparent (so that an object placed under- 
neath will shine through). 

VI. Remove excess with filter-paper. 

VIL Mount in Canada balsam (xylol balsam). 




SecUon Microtomy 
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CHAPTER VI. 

SPECIAL METHODS OF STAINING AND MODIFICATIONS. 

Oram*s Method of Double Staining. (For cover-glass speci- 
mens.) — L A hot solution of anlL water gentian violet 2 to 10 
minutes. 

II. Directly without washing, into Gram's solution of iod. 
potass, iod. 1 to 3 min. (the cover-glass looks black). 

III. Wash in alcohol 60 per cent, until only a light brown 
shade remains (as if the glass were smeared with dried blood). 

IV. Rinse off alcohol with water. 

V. Contrast color with either eosin, picro-carmine, or bismark- 
brown. The bacteria will appear deep blue, all else red or brown 
on a very faint brown background. 

The following bacteria do not retain their color with Gram's 
method — are therefore not available for the stain : Bacillus of 
typhoid ; spirillum of cholera ; bacillus of chicken cholera, of 
hemorrhagic septicaemia, of malignant oedema, of pneumonia 
(Friedlander), and of glanders; diplococcus of gonorrhoea ; spi- 
rillum of relapsing fever. 

Oram's Method ibr Tissnes (modified by Giinther). 

I. Stain in anil, water gent, violet . . 1 minute. 

II. Dry between filter paper. 

in. Iod. potass, iod. sol 2 minutes. 

IV. Alcohol J minute. 

V. 3 per ct. sol. hydrochloric acid in alcohol 10 seconds. 

VI. Alcohol, ol. of cloves, and Canada balsam. 

To Stain Spores. Since spores have a very firm capsule, 
which tends to keep out all external agents, a very intensive 
stain is required to penetrate them, but once this object attained 
it is equally as difficult to decolorize thenu 

A cover-glass prepared in the usual way, t. e., drying and 
passing the specimen through the fiame three times, is placed in 
a watch-crystal containing ZiehPs carbol-fuchsin solution, and 
the same placed upon a rack over a Bunsen burner, where it is 
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kept at boiling-point for one hour, careful to supply fresh solution 
at short intervals lest it dry up. 

The bacilli are now decolorized in alcohol, containing J per 
cent, hydrochloric acid. A contrast color, preferably methylin 
blue, is added for a few minutes. 

The spores will appear as little red beads in the blue bacteria, 
and loose ones lying about. 

Spore Stain (modified). — I. Carhol-fuchsin on cover-glass and 
heated in the flame to boiling point 20 to 30 times. 

II. 25 per cent, sulphuric acid, 2 seconds ; rinsed in water. 

III. Methylin blue contrast. 

Flagella Stain, witk Loffler^s Mordant,— 1. A few drops of the 
mordant (No. viii. p. 33) are placed upon the spread cover-glasfii 
and heated until it steams. 

II. Washed with water until the cover-glass looks almost clean,, 
using a small piece of filter paper to rub off the crusts which have 
gathered around the edges. 

III. Anilin water fuchsin (neutral) held in flame about 1( 
minutes. 

rV. Wash in water. 

If the stain is properly made, the microbes are deeply colored 
and the flagella seen as little dark lines attached to them. 

Sporogenic bodies stain quite readily, and in order to distin- 
guish them from spores Ernst uses alkaline methylin blue, slightly 
warmed. Then rinse in water. Contrast with cold bismark- 
brown. 

The spores are colored bright blue, the spore granules a dirty 
blue, being mixed with the brown, which colors also the bacteria. 

Kvhne^s Method, — In sections, the alcohol used sometimes de- 
colorizes too much. To obviate this Kiihne mixes the alcohol 
with the stain, so that while the section is being anhydrated it 
is constantly supplied with fresh dye. 

Weigert uses aniline oil to dehydrate instead of alcohol, and 
here, too, it can be used mixed with the dye. 

Unna's Method for Fungi (especially useful for epidermic 
scales). — ^Moisten horny scale or crust with acetic acid; mace- 
rate between two glass slides ; dry in flame ; wash out fat with 
ether and alcohol (equal parts) ; stain in borax methyl blue for 
ten seconds (over flame) ; bleach witVi gVy ceimft «j\^%SX\^xV^Qjf^s^ 
parts); rinse in water, alcohol, dry, and luavxxAi. 
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Oeneral Double Stcdningfor BecUons. 

I. Stain (watery dyes) . . . 10 to 15 miDutes. 

II. Acetic acid and water (1 to 4) . i minute. 

III. Alcohol 2 to 3 minutes. 

IV. Contrast stain, usually picro-car- 

mine or eosin . . . . 2 to 3 minutes. 

V. Alcohol J minute. 

YI. Clove oil. Canada balsam. 

Instead of coloring with the contrast last, it can be used first, 
then alcohol one-half minute, followed by the bacteria stain, acid 
water, alcohol, clove oil, and Canada balsam in succession. 

The stains for special bacteria will be given when treating of 
the same. 



CHAPTER VIL 

METHODS OF CULTURE. 

Artificial Cultivation.— The objects of cultivation are to obtain 
germs in pure culture, free from all foreign matter, isolated and 
so developed as to be readily used either for microscopical ex- 
amination or animal experimentation. 

To properly develop bacteria we supply as near as possible 
the conditions which hold for the especial germ in nature. 
With the aid of solid nutrient media the bacteria can be easily 
separated, and the methods are nearly perfect. 

Sterilization. If we place our nutrient material in vessels 
that have not been properly disinfected, we will obtain growths 
of bacteria without having sown any. 

If we have thoroughly cleaned our utensils, and then not taken 
care to protect them from further exposure, the germs we have 
sown will be effaced or contaminated by multitudes of others, 
that are constantly about us. We therefore have two neces- 
sary precautions to take : — 

First, To thoroughly clean and sterilize every object that 
enters into, or in any way comes in contact with, the culture. 
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Second. To maintain this degree of sterility throughout 
the whole course of the growth, and prevent, by proper eon- 
tainers, the entrance of foreign germe. 

Dirin&otaBta. Corrosive sublimate (bichloride of mercury), 
which is the most efieclive agent we possess, cannot be gene- 
rally used because it readers the soil unproductive and therefore 
must only be employed in washing dishes, to destroy the old 
cultures. Even a^r washing, a few drops of the solution may 
remain and prevent growth, so that one must be careful to have 
the glaas-ware that comes in contact with the nutrient media 
free from the sublimate. 

Heat Heat is the best agent we possess for general use. 
Drv heat and moist heat are the two forms employed, 

Fia. 14 




For obtaining dry fteol— that is, a temperature of 15(P C, 
(about 300° F.)— a sheet-iron oven is used which can be heated 
by a gas-burner. If it have double walls (air circulating be- 
tween), the desired temperature is much more quickly obtained, 
A small opening in the top to admit a thermometer is neces- 
sary. These chests are usually about 1 foot high, Ij foot wide.. 
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and } foot deep. In them, glassware, cotton, and paper can be 
Bterilized. When Lhe cotton ie turned elightly brown, it UBually 
denotes aufflcient sterilization. All inatrumenta, where practi- 
cable, should be drawn througli the flame of an alcohol lamp or 
Bunsen burner. 

Moist ^eat.— Steam at 100° C. ta circulation has been shown 
to be a very effective applicattoa of heat. 

Koch's SteamHiliest Circulating steam is obtained by fud of 
Koch's apparatus. This consists of a cylindrical tin cheat 




about 2^ feet high and about ^ foot in diameter ; divided in its 
' by a perforated diaphragm, a, an upper diamber for 
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the steam, c, and a lower one for water, 6. Two or more 
gas-burners placed underneath the chest, which stands on a 
tripod, supply the heat. In the cover is an opening for a ther- 
mometer. The chest is usually covered with felt. When the 
thermometer registers 100^ C. the culture-medium or other sub- 
stance to be sterilized is placed in the steam and kept there 
from 10 to 15 minutes, or longer, as required. 

Arnold's Steam-sterilizer will answer every purpose of the 
Koch steam-chest. It is cheai)er, requiring also less fuel to keep 
it going. The steam does not escape, but is condensed in the 
outer chamber. (Fig. 16.) 

Fio. 16. 




STERILIZING CHAMBER 




Arnold's Steam-eterilizer. 

The autoclave of Chamberland allows a temperature of 120° 
C. to be obtained, and is much used in Pasteur's laboratory. 

Instead of sterilizing for a long time at once, successive steri- 
lization is practised with nutrient media, so that the albumen 
will not be too strongly coagulated. rVftactL ixivaxiK.^^ ^'s^Rfe.^w^ 
for three daja in succession. 
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Fractaonal Stenlieatum of TyndaU. Granted that so many 
Bporea originallj exist in the object to be sterilized it is sub- 
jected to 60° C for four hours in which t me a part at least of 
those spores have developed into bacteria, ani the bacteria 
destroyed by the further application of the heat. The next day 
more bacteria will have formed, and four hours' subjection to 
60° heat will destroy them, and so at the end of a week, using 
four hours' appIicalioD each day, all the spores originally present 
wJi} bare gena'mat^ sod the bacteria destroyed. 



UBTBODS OP OULTOBB. 



46 



Cotton Pings or Gorki. All the glass vessels (test-tubes, flasks, 
etc.) must be closed with cotton plugs, the cotton being easily 
sterilized and preveoting the entrance of germs. 

Test-tnbea. New test-tubes are washed with hydrochloric 
acid and water to nentralize the alkalinity often present in 
fresh glass. They are then well washed and ruhhed with a 
brush, placed obliquely to drain, and when dry corked with 



Li 




WboCtge. Cotton plumed Twt-Tubca. 

cotton plugs. Then put in the hot-air oven (little wire-cages 
being used to contain them) for fifteen minutes, after which they 
are ready to be filled with the nutrient media. (The cotton 
should fit firmly in the tube and extend a short space beyond it. ) 

Test-tubes without flaring edges are mure desirable since the 
edges can easily be drawn out so as to seal the tube. 

Instead of test-tubes, ordinary 3 oz. panel medicine bottles 
can he used fur retaining the nutrient media and cultures. 

According to late investigations, tiie glass tubes become snlfl- 
ciently sterile in the steam-chest without the prehmiuary sterih- 
zation in the dry oven. 
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CHAPTER VIIL 

NUTRIENT MEDIA. 

Of the many different media recommended and used since 
bacteriology became a science, we can only describe the more 
important ones now in use. Each investigator changes them 
according to his taste. 

Fluid Media. 

Bouillon (according to Loffler). A cooked infusion of beef 
made slightly alkaline with soda carbonate : 500 grammes of 
finely-chopped raw lean beef are placed in a wide-mouthed jar 
and covered with 1 litre of water ; this is left standing twelve 
hours with occasional shaking. It is then strained through 
cheese cloth, the white meat remaining being pressed until one 
litre of the blood-red meat-water has been obtained. The meat- 
water must now be cooked, but before doing this, in order to 
prevent all the albumen from coagulating, 10 parts of peptone 
powder and 5 parts of common salt are added to every 1000 
parts meat-water. It is next placed in the steam-chest or 
water-bath for three-quarters of an hour. 

NentralizatioiL The majority of bacteria grow best on a 
neutral or slightly alkaline soil, and the bouillon, as well as 
other media, must be carefully neutralized with a sat. sol. of 
carbonate of soda. Since too much alkalinity is nearly as bad 
as none at all, the soda must be added drop by drop until red 
litmus paper commences to turn blue. The bouillon is then 
cooked another hour, and filtered when cold. The liquid thus 
obtained must be clearly alkaline, and not clouded by further 
cooking. If cloudiness occur, the white of an egg and fui*ther 
boiling will clear the same. To make bouillon, beef-extract can 
be used instead of fresh meat, 2 grammes to 1 litre of water. 
This is boiled with 5 grammes of salt and 10 of peptone, neu- 
tralized as below, and filtered when cold. 

Sterilization of the bonillon. Erlenmeyer flasks (little conical 
glass bottles) or test-tubes plugged and properly sterilized are 
filled one-third full with the bouillon, and placed with their con- 
tents in the steam-chest. A tin pail with perforated bottom 



NUTRIENT MEDIA. 



47 



makes a good container in which they can be lowered in the 
Koch's oven. They are left in steam of KKP C. one hour for 
three successive days, after which the tubes and bouillon are 
ready for use. 

Solid Media. The knowledge of bacteria and germs or moulds 
settling and growing upon slices of potato exposed to the air, led 
to the use of solid media for the artificial culture of the same. 
It was also thus learned that each germ tends to form a separate 
colony and remain isolated. 

Potato-Cultores. A ripe potato with a smooth skin is the 
best. 

Several are brushed and scrubbed with water to get rid of the 
dirt and the "eyes" are cut out. 

Next placed in 1 to 500 solution of bichloride of mercury for 
J hour. Then in the steam-chest for J hour. 

In the meantime, a receptable is prepared for them. This is 
called the moist chamber. 

The moist chamber consists of two large shallow dishes, one, 
the larger, as a cover to the other. 

These dishes are washed in warm distilled water. 

A layer of filter paper moistened with a 15 to 30 drops of 1 to 
1000 bichloride is placed in the bottom of the glass dish. 

Fig. 20. 




Moist chamber for potatoes. 

The operator now prepares his own hands, rolling up his coat 
sleeves and carefully washing his hands, then taking a potato 
from the steam-oven and holding it between his thumb and 
index finger in the short axis, he divides the potato in its 
long axis with a knife that has been passed through the flame. 
The two halves are kept in contact until they are lowered into 
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the moiat chamber, vrbea thej of their own weight fhll aatde, 
the cut Burface uppermost. They are then ready for inoculation. 

Fro. 21. 




Method of aliclngpotsbi. (After Woodhod and Han. 



Esmarcll'l Cnbm. The potato is first well cleaned and peeled. 
It is then cut in cubes i inch in size. 

These are placed, each in a little glass dish or trav and then 
in steam-chest for i hour, after which they are ready for inocu- 
lation (the dishes first having been sterilized in hot-air oven). 

Test-tube Potatoes, Cones are cut out of the peeled potato 
and placed in test-tubes, which can then be plugged and easily 
preserved. 

Kanner of Inooolation, With a platinum rod or a spatula 
(sterilized) the material is spread out upon one of the slices, 
keeping free of the edges. The growth ou this first or original 
potato will be quite luxuriant, and the individual colonies often 
difficult to recognize, therefore dilutions are made. (Fig. 22.) 

From the original or first slice, a small portion including some 
of the meat of the potato is spread out upon the surface of a 
second slice, which is first dilution. From this likewise a small 
bit is taken and spread on a third slice or second dilution, and 
here usually the colonies will be sparsely enough settled to study 
them in their individuality. 

Tills is the principle carried on in all the cultivations. It ia 
j« physical analysis. 
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Method of iDoculatloD. OTaodhsad Bad Hue.) 



Potato and Bread Maah. Theae pastes are used chiefly in the 
culture of moulds and yeasts. Feeled potatoes are mashed with 
distilled water until thick, and then sterilized io flasks | of an 
hour for three successive days. 

Brmd Jtfusft.— Bread devoid of crust, dried in an oven, and 
then pulverized and mixed with water until ttiick and sterilized 
as above. 
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Solid Transparent Xedia are materials which can be used for 
microscopical purposes and which can readily be converted 
Into liquids. Such are the gelatine and agar culture media. 

Oflladne. Gelatine is obtained from bones and tendons, and 
consists chiefly of chondrin and gluten. 

The French golden medal brand is the one most in use, found 
in long leaves with ribbed lines crossing them. 

Kooh-LofSer 10 per cent, BonillDii-Oelatine. To the meat- 
water as made for the bouillon are added 
100 grammes gelatine, 
10 " peptone, 
6 " salt, 
to each 1000 grammes of the meat-WB-teic ■, ox \» ftvfeVKyii^'o- 
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niado from beef-extract the gelatine is added ; thie is placed in 
B. flask and gently heated until the gelatine is dissolved. 

Neviraiiaatwn with the soda and then cooking in water-bath 
or carefully boiled over flame for 1 hour or more until the 
liquid aeeniR clear, then add white of an egg and boil } hour 
longer ; the egg will produce 
^"'' ^ a clearer solution and save 

much trouble. A small por- 
tion, while hot, is now filtered 
into a test-tube and tested for 
alkalinity, and then re-heated 
several times, watching if a 
cloud]' ppt. forms. 

If the fluid remains clear 
upon cooling, the remainderof 
the material can be filtered. 
It must be accomplished 
while hot, else the gelatine 
will coagulate and prevent 
further filtration. 

This can be carried on 
either by keeping hot the so- 
lution continually in water- 
bath, and only filtering a small 
quantity at a time through 
the filter, or keeping the filter 
itself hot, either with a hot 
water filter or placing the 
lilter in ^team chest. (Fig. 
23.) 
Olonding of Qelatine. If the gelatine does not come out clear, 
or becomes turbid on cooling, it may be due to several tbinge — 

1. The filter-paper too thin or impure. 

2. Too strongly alkaline. 

3. Cooked too long or not long enough. 
Theadditionof the white of an egg, as before mentioned, will 

olten clear it up ; if this avails not, re-filtering several times, aud 
attention to the few points mentioned. 
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Sterilizing the Gelatine. The gelatine is kept in little flasks 
or poured at once into sterile test-tubes, careful not to wet the 
neck where the cotton enters, lest when cool the cotton plug 
stick to the tube. 

The tubes are then placed in steam-chest for three successive 
days, 15 minutes each day (or in water-bath 1 hour a day for 
three days). Then set aside in a temperature of 15° to 2(P C, 
and if no germs develop and the gelatine remains clear, it can 
be used for cultivation purposes. 

Modifications. The amount of gelatine added to the meat- 
water can be variously altered, and instead of making gelatine 
bouillou milk, blood, serum, urine, and agar can be added. 
Glycerine (4 to 6%) is a common addition, and sometimes 
reducing agents to absorb the oxygen are mixed with it. 

Agar^Agar. This agent, which is of vegetable origin, derived 
from sea-plants gathered on the coasts of India and Japan, has 
many of the properties of gelatine, retaining its solidity at a 
much higher temperature; it becomes liquid at 9(P C. and con- 
geals again at 45° C. Gelatine will liquefy at 35^ C. 

It is not affected very much by the peptonizing action of 
the bacteria. 

Preparation of Agar-Agar Bonillon or Nutrient Agar. The 

ordinary bouillon is first made, and then the agar cut in small 
pieces, added to the bouillon (15 grammes of agar to 1000 
grammes bouillon. It is allowed to stand several minutes until 
the agar swells, and then placed in water-bath or steam-chest 
for six hours or more. It is then neutralized, very little of the 
alkali being sufficient. 

A white of an egg added, and boiled for several hours longer, 
when, even if not perfectly clear, it is filtered. 

The filtering process, very difficult because of the readiness 
with which the agar solidifies, must be done in steam-chest ot 
with hot-water filter, and very small quantities passed through 
at a time, changing the filter-paper often. 

Cotton can be used instead of filter-paper, or filtering entirely 
dispensed with, simply decanting. 

is agar is seldom clear, a little more or less opaqueness will 
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not harm. The teat-tubes arc flUeil as with the gelatine, and 
sterilized in tlie same manner. While cooling, some of the 
tubes can be placed in a slanting position, so as to obtain a larger 
surface to work upon. 

Water of coudensation will usually separate and settle at the 
bottom, or a little white sediment remain encysted in the centre ; 
this cannot easily be avoided, nor does it form any serinua obstacle. 
The crude agar should first be rinsed in water, and then in 
5% acetic acid and clear water again, to rid it of impurities. 
If agar is boiled thoroughly over a hot flame or in an auto- 
clave, it can be filtered much more readily. The main point 
is to sec that all the agar is dissolved. 

Glycerine Ag^. The addition of 4 to 6^ of glycerine to 

nutrient agar greatly enhances its value as a culture medium. 

Gelatine-A^ar. A mixture of 6 per cent, gelatine and 0.75 

per cent, ^ar combines in it some of the virtues of both agents. 

Blood 8ernm. Blood serum being rich in albumen coagulates 

very easily at 7CP C, and if this temperature is not exceeded, 

a transparent, solid substance is obtained 

Fw. 24. upon which the majority of bacteria develop, 

and some with preference. 

Preparation of Hntrient Blood Seroin. 
If the slaughter of the animal can be super- 
vised, it were best to have the site of the 
wound and the knife sterilized, and sterile 
flasks to receive the blood directly as it 

It is placed on ico forty-e^ht hours, and 
the serum is drawn out with sterile pipettes 
into test-tubes ; these are placed obliquely 
in an oven where the temperature can he 
controlled and maintained at a certain de- 
gree. See Fig. 25. 
IncafaatOFB or Brood-ovenB. Incubators 
blood Qf brood-ovens consist essentially of a dou- 
ble-walled zinc or copper chest, the space 
wails filled with water. 
The oven is covered with some impermeable material to pre- 
vent the action of surrounding atmosphere. (Fig. 26.) It is 
supplied ivieb a thanuometer and with a regulator. The regu- 
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Ifttor IB connected with the Bunsen burner, and keeps the 
thermometer at a certain height. 




Tbermostst lor blood 



There are several forms of regulators iu use, and new ones 
invented continually. 

The size of the Bame in some is regulated by the expansion 
of mercury, which, aB it rises, lessens tlic opening of the gas 
supply. The mercury contracting on cooling allows more gas 
to enter again. (Fig. 27.^ 

Koch has invented a safety burner, by which the gas supply Is 
shut off should the flame accidentally have gone out. 

Coaj^ation of Blo«d Semm. The tubes of blood serum 
having l^een placed iu the oven, are kept at a tenipei'a- 
ture of 65° to 68' C. until Mt^ulation occurs; then removed 
and sterilized. 

Sterilization of Blood Senuo. The tubea &t«> ^\%>::^& *& \n ^i^ 



: OF BACTERIOLOGY. 



days ill incubation at 58° C, and those tubes which show any 
evidenceB of organiu growth are discarded. 




L ftni 



Thermo-rsguUton. 



If now, at the end of a week, the serum remains aterlle at the 
ordinary teniperature of the room, it can be used for experi- 
mental parposea. 

Perfectly prepared blood serum ia transparent, of a gelatine- 
iike oonsistenee, and straw-color. It will not liquefy by heat, 
though bacteria can digest it. Water of oondeusatiou always 
forms, which prevents the drying of the serum. Blood seniiu 
may be prepared in a shorter way by coagulating the serum at 
a temperature short of boilinEpoint. Sterilization is completed 
in three days by exposing the tubes to a temperature of about 
90° C. each day for five minutes. Tubes so prepared are opaque 
ftnd white. 
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Preservation of Blood Serum in Liquid State. Kirchner advises 
the use of chloroform. To a quantity of serum in a well-stop- 
pered flask a small amount of chloroform is added — enough to 
form about a 2 mm. layer on the bottom. If the chloroform is 
not allowed to evaporate, the serum remains sterile for a long 
time. When needed for use test-tubes are filled and placed in 
a water-bath at 50° C. until all chloroform has been driven off 
(determined by absence of characteristic odor); the serum is 
then solidified and sterilized as in the ordinary way. 

Human blood serum derived from placenta, serum from as- 
citic fluid and ovarian cysts, is prepared in a similar manner 
to the above. 

Blood Coagnlum, suggested by the author, is the blood itself 
(not the serum only) coagulated in test-tubes. It is dark brown 
in color and allows some colonies of bacteria to be more visi- 
ble. It requires less time to prepare, and is not so likely to 
become contaminated as when the serum is used. 

Loffler's Blood Serum Mixture (see p. 106). 

Peptone Solution. (Dunham's.) Sodium chlorid, 0.5; pep- 
tone, 1 ; water, 100. Boil, filter, and sterilize. Useful to detect 
presence of indol. 

Other Nutrient Media. Milk, urine, decoctions of various 
fruits and plants, and lately for cultivating anaerobic bacteria, 
eggs. 

Fresh Egg Cultures, after Huppe. The eggs in the shell are 
carefully cleaned, washed with sublimate, and dried with cotton. 

The inoculation occurs through a very fine opening made in 
the shell with a hot platinum needle ; after inoculation, the open- 
ing is covered with a piece of sterilized paper, and collodion. 

Boiled Eggs. Eggs boiled, shell removed over small portion, 
and the coagulated albumen stroked with the material. 

Ouinea-pig Bouillon. The flesh of guinea-pigs as well as that 
of other experiment-animals is used instead of beef in the prep- 
aration of bouillon, for the growth of special germs. 
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CHAPTER X. 

INOCULATION OF GELATINE AND AGAR. 

Glass Slide Citltnrefl. Formerly the gelatine was poured on 
little glaas slides such aa are used for microscopical purposes, 
and after it liad become bard, inoculated ia separate spots aa 
with potatoes. 



Fi«. 28. 




Test Tube Cultures. The gelatine, agar, or blood serum having 
Bolidifled in an oblique position, is smeared on the surface with 
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the material and the growth occurs, or the medium is punctured 
with a stab of the platinum rod coataining the material. The 
first is called a sfro^ or smear cuUttre, the second a gLab or tArust 
cuKwre. In removing the cotton plugs from the sterile tubes to 
caiTy out the inoculation, the plugs should remain between the 
lingers in such a way that the part which comes in contact with 
the mouth of the tube will not touch aoything. 

After thu needle has been withdrawn the plugs are re-inserted 
and the tubes latwlled with the Itind and date of culture. 

Plate Cnltures. Several tubes of the culture medium are 
made liquid by heating in water bath, and then inoculated with 
the material as follows . A looped platinum needle is dipped 
into the material and then shaken in the tube of liquid media, 
(gelatine, agar, etc.). 

This first tube is called origi1^al. From this three drops (taken 
with the looped platitium rod) are placed in a second tube, the 
rod being shaken somewhat in the gelatine or agar; this is 
labeled ^rs( dilution (a colored pencil is useful for such markings). 
From the first dilution tlirce drops are taken into a third tube, 
wliich becomes the second dUtdvm. (Fig. 28.) 

The plugs of cotton must be replaced after each inoculation, 
and during the same must be carefully protected from contami- 
nation. 

To hasten the pi-ocedure and lessen the danger of contamina- 
Uon, the tubes can be held in one hand aside of each other, each 

Fia. 29. 




Manner of boldlng plugi. 

plug opposite its tube. They are now ready for spreading ( 
glass plates. 
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Olaia PlatH. The lai^r the Biir&ce over which the nutrient 
medium is eproad the more isolated will 
F:o. 30. the colonies be ; window glass cut in rec- 

tangular plates 6x4 inches in size is used ; 
about ten such plates are cleaned with dry 
towel and placed in a small iron box or 
wrapped in paper ; and sterilized in the 
hot-air oven at a temperature of 15(P C. 
for ten minutes. (Fig. 30.) When the 
plates have cooled they are placed upon 
an apparatus designed to cool and so- 
lidify the liquid media, which is now 
iroD box for gUu piaM, poantl upon the plates from the inocu- 
lated teat-tubes. 
NiToUier Leveluig and Cooling Apparatus. Ice and water 
are placed in a shallow round glass tray ; on top of this a square 
plate of glass, upon which the culture plate is placed, and cot- 
ering this a bell-glass. 

The whole ia upon a low, wooden tripod, the feet of which 
can he raised or lowered, and a little spirit-level used to adjuat 
it, (Fig. 31.) The glass plate taken out of the iron bos is placed 
under the bell-glass. The tube containing the gelatine is held 
in Ihe flame a second to singe the cotton plug to free it from dust, 
and the plug removed, the edgesof the tube agnin damed, the bell- 
glass lifted, and tlie inoculated gelatine carefully poured on the 
plate, leaving about one tl d n h marg a f -om the bo ders ; the 




lips of the tube being sterile can be used to spread the media 
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eveDl}'. If the plate is at all cool, the fluid will solidify as it is 
being spread. The glass cover is replaced until the gelatine or 
agar is quite solid to prevent contamination. 

Fio. 32. 




Moist chamber with plates on benches. 

When the gelatine is congealed, the plate is placed upon a 
little glass bench or stand in the moist chamber. 

The Moist Chamber Prepared Out of Two Glass Dishes, as for 
the PotatO'Gultures. • The glass benches are so arranged that 
one stands upon the other. In order to avoid confusion, a slip 
of paper with a number written on it is placed on the bench be- 
neath each plate. As the original or first plate would have the 
colonies developed in greatest profusion, it is placed the first 
day on the topmost bench ; but, since the colonies would be 
likely to overrun the plate and allow the gelatine to drop on the 
lower plates, it is best, as soon as evidences of growth appear, 
to place it below, and watch the third plate or second dilution 
for the characteristic colonies, forgetting not all this time to 
change the numbers accordingly. 

The date of culture and the name can be written upon the 
moist chamber. 

Petri Saucers. Agar hardens very quickly, even without any 
especial means for cooling, and it does 
not adhere very well to the glass. There- 
fore it is better to follow the method of 
Petri and use little shallow glass dishes, 
one covering the other. They are first 
sterilized by dry heat, and then the in- 
oculated gelatine or agar is poured into 
the lower dish, covered by the larger one, 
and placed in some cool place, difierent saucers being used for 
each dilution. 



Fig. 33. 




Petri saucers. 
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This method is very useful for transportation ; the saucers can 
be viewed under microscope similar to the glass plates, and has 
in a manner superseded them. 

Esmarch's Tubes, or Bdled Cultures. This method, especially 
used in the culture of anserobic germs, consists in spreading the 
inoculated gelatine upon the inner walls of the test tube in 
which it is contained and allowing it to congeal. The colonies 
then develop upon the sides of the tube without the aid of 
other apparatus. The method is useful whenever a very quick 
and easy way is required. The rolling of the tube is done under 
ice-water or running water from the faucet. The tube is held 
a little slanting, so as to avoid getting too much gelatine around 
the cotton plug. 

The tubes can be placed directly under the microscope for 
further examination of the colonies. 

Note.— The peptone nutrient gelatine, blood serum and agar 
can now be purchased already prepared, thus saving a great 
deal of time and making unnecessary the purchase of consider- 
able apparatus. 
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CHAPTER XI. 

THE GROWTH AND APPEARANCES OP COLONIEa 

Macroscopic. Depending greatly upon the temperature of 
the room, which should be about 
650 c., the colonies develop so as Fio. 34. 

to be visible to the naked eye in 
two to four days. Some require 
ten to fourteen days, and others 
grow rapidly, covering the third 
dilution in thirty-six hours. The 
plate should be looked at each day. 

The colonies present various ap- 
pearances, from that of a small dot, 

like a fly speck, to that resembling Naked eye appearances of colonies. 

a small leaf. Some are elevated, 

some depressed, and some, like cholera, cup-shaped, umbilicated. 

Then they are variously pigmented. Some liquefy the gela- 
tine speedily, others not at all. The appearances of a few are 
so characteristic as to be recognized at a glance. 

Microscopic. We use a low -power lens, with the abbe nearly 
shut out, that is the narrowest blender. The stage of the 
microscope should be of such size as to carry a culture plate 
easily upon it. 

The second dilution or third plate is usually made use of, that 
one containing the colonies sufficiently isolated. 

These isolated ones should be sought for, and their appearances 
well noticed. 

There may be two or three forms from the same germ, the 
difl'erence due to the greater or less amount of oxygen that they 
have received, or the greater or less amount of space that they 
have had to develop in. 

The microscopic picture varies greatly ; now it is like the 
gnarled roots of a tree, and now like bits of frosted glass ; the 
pictures are very characteristic, and the majority of bacteria 
can be told thereby. (Fig. 31.) 
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Imprmaioii or "Elatioh" Freparatioiu. In order to more 
thoroughly study a certain colony and to make a permanent 
specimen of the satne, we press a clean cover-glass upon the 
particular colony, and it adheres to the glass. It can then be 




stained or examined so. The Germans give the name of 
"Klatsch" to such preparations. Many beautiful picturescan 
be BO obtained. 

FisbiDg. To obtain and examine the individual members of 
a particular colony the process of fishing, as it is called, is 
resorted to. 

The colony having been placed under the field of the micro- 
scope, a long platinum needle, the point slightly bent, is passed 
between the lens and the plate so as to be visible through the 
microBcope, then turned downward until the colony is seen to 
be disturbed, and the needle is dipped into the colony. This 
procedure must be carefully dune, lest a different colony be 
disturbed than the one looked at, and an unknown or unwanted 
germ obtained. 

After the needle has entered the particular colony, it is with- 
drawn, and the miiterial thus obtained is ftirther examined by 
staining and animal experimentation. The bacteria are theu 
again cultivated by inoculating f^esh gelatine, making stab and 
sbvke cultures. 
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It is necessary to transfer the bacteria to fresh gelatine about 
every six weeks, lest the products of growth and decay given 
off by the organisms destroy them. 



CHAPTER XII. 



Fig. 37. 




CULTIVATION OF AN-ffiROBIO BACTERIA. 

Special methods are necessary for the culture of the anserobic 
variety of bacteria in order to procure a space devoid of oxygen. 

Idborins's High Cultures. The tube is filled about 
i full with gelatine, which is then steamed in a water 
bath and allowed to cool to 4CP C, when it is inocu- 
lated by means of a long platinum rod with small 
loop, the movement being a rotary vertical one, and 
the rod going to the bottom of the tube. 

The gelatine is next quickly solidified under ice ; 
very little air is present. The anaerobic germs will 
grow from the bottom upward, and any serobins 
present will develop first on top, this method being 
one of isolation. 

From the anaerobic germs grown in the lower part, 
a stab culture is made into another tube contain inc: 
i gelatine, the material being obtained by breaking 
test-tube with the culture. 

Hesse's Method. A stab culture having been made 
with anserobic germs, gelatine in a semi-solid condi- 
tion is poured into the tube until it is full, thus dis- 
placing the air. (Fig. 38.) 

Esmarch's Method. Having inoculated a tube with 
the microbe, the gelatine is rolled out on the walls of 
the tube, a " roll culture," and the rest of the interior filled with 
gelatine, the tube being held in ice water. The colonies develop 
upon the sides of the tube and can be examined microscopically. 

Oases like Hydrogen to replace the Oxygen. Several ar- 
rangements for passing a stream of hydrogen through the 
culture :— 



Liborius's 
method. 
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Fiiinkel puts in the teat tube, a rubber cork containing two 
glass tubes, one reaching to the bottom and connected with a 
hydrogen apparatus, the other very short, both bent at right 
angles. When the hydrogen has passed tlirough ten to thirty 
miuutes, the short tube is annealed and then the one in connec- 
tion with the hydrogen bottle, and the gelatine rolled out upon 
the walls of the tube. (Fig. m.) Hiippe nses egga as described 
in Chapter IX. 



Fio. ; 







Fio. 40. 



Hethod. 



FrSnkel'e msthod. 



Bucboer's method. 



Use of .Srobic Bacteria to remove the Oxygen. Boux inocu* 
lates an agar tube through a needle thrust after which semi- 
solid gelatine is poured in on top. When the gelatine has solidi- 
fied, the surface is inoculated with a small quantity of t)acillua 
subtilia or some other eerobic germ. The aubtilis does not allow 
the oxygen to pass by, appropnating it to itself. 
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Bnclmer*s Method. The test tube oontaining the culture \& 
placed within a larger tube, the lower part of which contains 
an alkaline solution of pyrogallic acid. The tube is then dosed 
with a rubber stopper. (Fig. 40.) 



CHAPTER XIII. 

THE WAY IN WHICH BACTERIA AFFECT THE ANIMAL ORGANISM. 

Bacteria affect the animal organism by depriving the cells 
of the body of oxygen and nitrogen which they appropriate to 
themselves, but they do more than this, for in their secretions 
and excretions their main potency lies. 

Ptomaines, or Cadaveric alkaloids, was the name first applied 
to those bodies formed during putrefaction, but it is now used 
for all alkaloids or bodies of a basic nature formed by bacteria. 
Many of these ptomaines when introduced into the body give 
rise to the same set of symptoms as the bacteria themselves, so 
that hoAiena affect the animal body chiefly through certain toxic prinr 
ciples which they produce and which can he isolated. 

Anti-toxins, Toxins, and Toxalbumens. Late researches 
claim two classes of products for bacteria — the one toodc, and 
destroyed by heat; the other anti-toxic, having a direct action 
upon the tissue and preventing further infection. Then there 
are proteids or toxaUmmens, products extracted from pure cult- 
ures, which, like ptomaines, produce symptoms similar to those 
of the bacteria itself. They are amorphous and have no basic 
action, giving, however, the reactions of a proteid or albumen. 

Toxins are sometimes very poisonous: 0.0001 milligramme 
of the tetanus toxin will produce tetanus in a mouse, and 0.4 
milligramme of diphtheria toxin will kill two rabbits, each 
weighing three kilogrammes. 

Filtration of Cultures. These products are isolated from the 
culture after the bacteria themselves have been separated. 

A filter consisting of a cylinder of porcelain, asbestos, or' 
kaolin, through which the culture fluid passes, the bacteria- 
5 
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/ remaining behind, is used for this purpose (Fig. 41). The 
culture can be forced through or allowed to filter slowly, 
/ The germless liquor is then treated with various agents, 
alcohol and acetic acid being that used for the toxalbumen of 
diphtheria, and a white amorphous powder is at length obtained. 
These agents have different effects in different doses, and are 
used also to establish an immunity. 
/ Anti-toxins are obtained by filtering through a Chamberland 
filter the serum of animals made artificially immune. 

They cause immunity when injected into other animals, or cure 
the already developed disease. The anti-toxins of pneumonia, 
tetanus, diphtheria, and erysipelas of swine have been isolated. 

Toxic Bacteria. Those bacteria which produce toxic agents 
outside of the body, and will not develop in the body, are 
called toxic hdcteria. They are pathogenic only in the sense 
that their products, when accidentally introduced into the body, 
cause mischief. 

Infections Microbes. Those bacteria which can develop and 
do develop in the animal body, and there, generate products 
injurious to the same, are called infedums ho/cteria, or pathogenic 
hojcteria. 

The Variations of Pathogenesis. The same animals under 
different circumstances can be differently affected by the same 
germ. 

The ordinary white mouse is not acted upon by the bacillus 
of glanders. 

If, however, glycosuria be produced in the mouse in any way, 
it speedily becomes attacked by the bacillus. 

Different animals are differently affected by the same germs. 
Ordinarily the white mouse is not acted upon by the bacillus of 
glanders, but the house mouse is at all times. 

The bacterium may first become active when mixed with 
certain chemicals, it having been harmless before. 

Attenuation or Weakened Virulence. Bacteria can be les- 
sened in action either temporarily or permanently, or made in- 
active entirely without destroying them. There is natural decay 
and loss of strength; and successive cultivation in artificial me- 
dia for a long time of the same germ also destroys its potency. 
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But artificial means can be used, such as chemical agents added 
to the nutrient soil, or by passing the germ through animals who 
are in some sense immune, and are less affected than the ani- 
mals for whom it is strictly pathogenic. 

Thus the bacillus of swine-erysipelas, which is quite virulent 
for pigs, when passed through rabbits loses much of its power, 
and again introduced into pigs will sicken them but slightly. 
Sunlight or any other agent that is destructive to germs will 
also weaken them when used cautiously. 
/ Heat is the surest agent to lessen the action. 

The longer it takes to produce the attentMition, the more lasting it is. 

The grade of virulence will oftentimes remain through suc- 
cessive generations. 

Some of the attenuations have been named according to the 
animal that they will affect ; thus, Mice-anthrax is a culture of 
anthrax which has been exposed to a temperature of 42.6 C. for 
twenty days, and which will destroy nothing larger than mice. 
A culture exposed for ten days will kill nothing larger than 
rabbits, etc. 

I The only explanation that can be given of attenuation is that 
the microbes, though similar in appearance, differ, in that the 
weaker ones give rise to less toxic products ; they have been 
exhausted. 

Nageli makes use of the simili of the sweet and bitter almond, 
the one poisonous, because it contains amygdalin, but both pos- 
sible to be borne on the same tree, and looking alike in every 
particular. 

The Resistance of the Animal Organism to Bacteria. The 

body is in some sense resistant to bacteria ; to some more, to 
others less ; and this resistance has been variously explained. 

Chemical Theory. The greater or less alkalinityof the blood di- 
minishing or increasing the virulence is the explanation of some. 

The Theory of the Action of the Serum of the Blood. It has 
been lately shown that the serum of the blood has a direct in- 
hibiting action on all bacteria ; and this is directly dependent 
upon the quantity and quality of albumen in it. It was for- 
merly thought the salts of the blood were the main factors, but 
these only serve to keep the albumen in good condition. 
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The serum will hinder the growth of germs, and when bac- 
teria are injected directly into the blood, they soon disappear. 
They cannot osmose ; they collect in the liver, spleen, and 
marrow of bones, and the corpuscles aid growth. The serum 
of different animals acts differently upon the same microbe. 

Cellular Theory of Hetsclmikoff. The phagocytes, as he 
terms them, are anti-microbic. They are the soldiers which 
endeavor to destroy the enemy. If the cells are strong, they 
become the victors ; if the bacteria are stronger, the bacteria 
conquer and eat up the cells. 

But this theory, though having many supporters, is opposed 
on sufficient grounds, the one reason being that whenever cells 
become the residence of live bacteria they suffer; and Metsch- 
nikoff and others have seen bacteria directly enter cells and 
disappear, it is that they were destroyed before, and that the 
leucocytes only acted as scav- _ 

engers. (Fig. 42.) 

And the late researches 
with the serum of the blood 
freed of its cellular elements, 
and being directly anti-bac- 
teric, would seem to place the 
phagocytes in the background. 

The matter is, however, by 
no means settled. 

To sum up, we have patho- 
genic microbes such as give 
rise to products injurious to the animal organism. The infec- 
tious ones can overcome the natural resistance of the animal 
body and develop therein. The bacteria can have this activity 
lessened or destroyed by agents produced in the body which are 
injurious to their products, so as to render them inactive. 




Phagocytes of Metschnikoff: a. Bacillus 
entering ; b. Bacillus inclosed. 
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CHAPTER XIV. 

IMMUNITY. 

The natural or acquired power of resistance to bacterial 
influences is called immunity. 

Natural. As we have mentioned before, certain animals are 
naturally not acted upon by bacteria that affect other animals. 
We say the animal or person is immune by nature. 

Acqnired. But immunity can be acquired by various rmans. 
We know that one case of smallpox usually protects against 
other attacks and so with morbilla and scarlatina. This is 
through disease, 

AcdiniatizatioiL Immunity. Various diseases, which strangers 
to a climate become affected with, do not trouble the natives. 

Artificial Immunity. Artificial immunity can be produced 
in various ways. 

By the attenuated virus, as with anthrax. 

Inoculations with sterilized cultures, the germs being destroyed. 
Even certain chemical substances when injected give immunity 
from certain germs, and when albumen prepared in certain ways 
was injected, immunity was also obtained. 

Inoculations intravenously with greatly diluted virulent cultures 
give immunity. — The various theories which have been made to 
explain the phenomena of immunity are all unsatisfactory. Some 
say tnat a first attack destroys the agents which are necessary for 
the disease to arise. Others say that certain bacterial products 
remain in the body, and prevent a return of the diseases — act as 
guards. Some recently claim that the soil is rendered unfit for 
the further development of the bacteria, after injection of some 
of the active principles of the bacterium. Some place it in 
the blood of the animals, it exerting a direct germicidal action. 

Alexins. The latest researches place the pewer of immunity 
in a certain principle called alexin (aXf^fti/, to defend), which has 
its residence in tiie serum of the blood and tissues. This principle 
destroys the bacilli, and they in dying, give out proteids, causing 
the leucocytes to wander towards these proteids and digest the 
dying bacilli. The alexins are supposed to be produced by cells 
containing eosinephile granules. 
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Chemotaxis. This attraction of leucocytes towards bacteria 
by means of their chemical products is called chemotaxis. 

The proteids when injected by themselves, i. e., sterilized 
cultures, also produce chemotaxis. When the alexin is not 
strong enough to destroy the bacterium it develops and finally 
destroys the action of leucocytes. 

Toxins are repellant, producing a "negative chemotaxis.*' 

Cure of Infections Diseases with Bacteria and their Products. 
Antagonism. It has been known, and is easily demonstrated, 
that the growth of one bacterium near another results often in 
the destruction of one, a direct antagonism existing. 

Babbits suffering with anthrax were injected with large quan- 
tities of streptococcus of erysipelas (pyogenes), and a cure 
effected, those not so treated dying. 

Several other diseases have been so treated in animals with 
interesting results. 

Antitoxin Injections. When diphtheria is produced in ani- 
malsy an injection of the antitoxin of diphtheria will cure the 
same, and if injected fii*st diphtheria will not arise. Tdaniis 
has been cured and prevented in a similar manner. 

Tuberculin. Dixon, in 1889, found, by injecting products of 
tubercle cultures in glycerine, that Guinea-pigs so treated, suffer- 
ing from tuberculosis, were cured ; control animals dying. Koch, 
in 1890, applied this method to man, but without success. 

Koch's Bules in Eegard to Bacterial Cause of Disease. 
Before a microbe can be said to be the cause of a disease, it 
must— 

First. Be found in the tissue or secretions of the animal suf- 
fering from, or dead with the disease. 

Second, It must be cultivated outside of the body on artificial 

media. 

Third, A culture so obtained must produce the disease in 
question when it is introduced into the body of a healthy 
animal. 

Fourth, The same germ must then again be found in the 
animal so inoculated. 
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CHAPTER XV. 

EXPERIMENTS UPON ANIMALS. 

The smaller rodents and birds are the ones usually employed 
for inoculation, as rabbits, Guinea-pigs, rats and mice, and 
pigeons, and chickens ; sometimes monkeys. These are pre- 
ferred, because easily acted upon by the various bacteria, readily 
obtained, and not expensive. 

The white mouse is very prolific and easily kept, and is there- 
fore a favorite animal for experiment. It lives well upon a little 
moistened bread. A small box, perforated with holes, is filled 
partly with sawdust, and in this ten to twelve mice can be kept. 
When the female becomes pregnant she should be removed to 
a glass jar until the young have opened their eyes, because the 
males, which have not been raised together^ are apt to attack 
each other. 

OuineaopigS. When Guinea-pigs have plenty of light and 
air they multiply rapidly. Therefore it is best to have them in 
some large stall or inclosure. They can be fed upon all sorts of 
vegetables and grasses, and require but little attention. 

Methods of Inooulation. L Inhalation. — Imitating the natural 
infection, either by loading an atmosphere with the germs in 
question or by administering them with a spray. 

II, Through Skin or Mucous Membrane. 

III. WiUi the Food. 

Method of Cutaneous Inoculation. The ear of mice is best 
suited for this procedure. A small abrasion made with the 
point of a lancet or needle, which has been dipped in the virus. 
The animal is then separated from the rest and placed in a 
glass jar, which is partly filled with sawdust and covered with 
a piece of wire-gauze. 

Subcntaneons. The root of the tail of mice is used for this 
purpose. The hair around the root of the tail is clipped off, 
and with a pair of scissors a very small pocket is made in the 
subcutaneous connective tissue, not wounding the animal any 
more than absolutely necessary, avoiding much blood. The 
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niKterial is placed upon a platinum needle and introduced into 
the pocket, toUd bodies, with a forcepa. 

To hold the mouse still while the operation is going on a 
little cone made of metal ia used. The mouse juat fiU iu here. 
There is a alit along the top in which the tail can be fastened, 
and thus the animal is secure and immobile. 

Intrftraaoiu Injectioiu. Babbits are very easily injected 
through the veins. Mice arc too small. 

The ear of the rabbit is usually taken. It is first washed with 
1-2000 bichloride, which not only disinfects, but also makes the 
vessels appear more distinct. The base of the ear is compressed 
to swell the veins. Then a syringe, like the one used for the 
injection of " tuberculine," a Koch syringe, which can be easily 
sterilized, is filled with the desired amount of virus and slowly 
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Uamier of msklDg latrBvenouB lujectloiu in the rabbit. 

injected into any one of the more prominent veins present. 
(Fig. 43.) 

Intnt-peritoneal Infection. This is used with Guinea-pigs 
iDoetly. The abdominal wall is pinched up through its entire 
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thickness, and the needle of the syringe tlirust directly through, 
so that it appears on the other side, then the fold let go, the 
needle withdrawn just far enough so as to be within the cavity. 

Inoculatioil in the "Eye, The anterior chamber and the cornea 
are the two places used. The rabbit is fixed upon a board ; 
the eyelids held apart and head held still by an assistant. A 
small cut is made in the cornea, a few drops of cocaine having 
first been introduced in the eye. The material is passed 
through the opening with a small forceps, and with a few strokes 
of a spoon it is pushed in the anterior chamber. 

For the cornea a few scratches made iu the corneal tissue 
will suffice ; the material is then gently rubbed in. 

Inoculation of the Cerebral Membranes. The skin and 
aponeurosis cut through where the skull is the thinnest. Then 
the bone carefully trephined, and the dura exposed. In Rabies 
inoculation, the syringe containing the hydrophobic virus pierces 
the dura and arachnoid, and the virus is discharged beneath the 
latter. 

Intra-Tracheal. The bacteria can be introduced directly into 
the trachea, thus coming iu contact with the lungs. 

Intra-dnodenali— Cholera germs are injected into the intes- 
tines after they have been exposed, by carefully opening the 
abdomen. This is done in order to avoid the action of the 
gastric juice. 

Obtaining Material from Infected Animals. The animal 
should be skinned, or the hairs plucked out, before it is washed, 
at least the portion where the incision is to be made. Then the 
entire body is washed in sublimate. Two sets of instruments 
are required, one for coarser and one for finer work : the one 
sterilized in the flame ; the other, to prevent being damaged, 
heated in a hot air oven. 

The animal, the mouse for example, is stretched upon a board, 
a nail or pin through each leg, and the head fixed with a pin 
through the nose. The skin is dissected away from the belly 
without exposing the intestines. Then the ribs being laid bare, 
the sternum is lifted up, and the pericardium exposed. A pla- 
tinum needle dipped into the heart after the pericardium has 
been slit will give sufficient material for starting a culture. If 
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the other organs are to be examined, further dissection is made. 
If the intestines were first to be looked at, they would be laid 
bare firs^. 

In this manner material is obtained, and the results of inocu- 
lation noted. 

Frequent sterilization of the instruments is desirable. 



PAET II. 

SPECIAL BACTERIOLOGY. 



CHAPTER I. 

NON-PATHOGENIC BACTERIA. 

Special Bacteriology. Under this head the chief character- 
istics of individual bacteria will be detailed, pathogenic and non- 
pathogenic being the main divisions. It is usual to describe the 
non-pathogenic first. 

Non-Pathogenic Bacteria. We can give but a few of the more 
important varieties. 

Bacillus Frodigiosus. (Ehrenberg.) This bacillus, formerly 
called a micrococcus, is very common, and one of the first 
noticed, because of the lively red color it forms on vegetables 
and starchy substances. "The bleeding host," miracles being 
due to it. 

Form, — Short rods, often in filaments, vnthout spores. 

Imnwhile. — Has no automatic movements. 

Facultative ancerobtc, that is, it can grow without air; but 
the pigment requires oxygen to show itself. 

Ghrowth, Gelatine, Liquefy rapidly. 

Colonies. — At first white, round points with smooth edge 
appearing brown under microscope, but soon changing to red. 

Stab OuUvres. — The pigment develops on the surface, the 
growth occurring all along the line. 

Potato is well suited to the growth, the pigment developing 
after twelve hours. Agar and blood serum growths do well. 

Temperature.— Grows best at 25^ C. 

Varieties. — By exposure to heat of brood-oven during several 
generations the power to produce pigment can be temporarily 
abolished. 

(76) 
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The Pigment, — A pigment-formiag body ia created by the 
bacillus, and the action of oxygen upon it produces the color. 
It is insoluble in water, slightly soluble in alcohol and ether; 
acids fade it, alkalies restore the color. The pigment resenililee 
fuchsin, presenting the same metallic lustre. 

Qaaet. — A trimethylaniin odor arises from all cnlturea. 

SUUn. — Takes all aniUn dyes easily in the ordinary way. 

Bacilliu Icdicm, (Koch.) Syn. MicrococcuH Indiana. 

(higin. — -Found in the stomach of an Indian ape. 

Fbrm. — Short rods with rounded ends. Ho spores. Auto- 
molic movemenla present ; facallative aiuErobin. 

Qroalh, Geiotine.— Liquefy rapidly. 

Oolonies. — Bound, or oval, granular margins ; brilliant red 
pigment. 

Stab CaUares. — On the surface the pigment shows itself. 
Grows well on other media. 

Temperature.— Grov/B best at 35° C. 

Action on AnimaJs, — In very large quantities, if injected into 
the blood, a severe and fatal gastro- 
enteritis can be produced 

Stain.— Takes all dyes 

Baoilliu Keflentericns Vnlgatiui 

The common potato bacillus of 
Fliigge. 

Habitat.— Sart^o of the soil, on 
potatoes, and in milk. 

fi>rm,— Small thick rods with 
rounded ends, often in pairs 

Properties.— Very motile , pro- 
duce abundant spores ; liquefy 
gelatine ; diastatic action. 

Grouit/i.— Rapid. 

Plate CtoioniM.— Round, with transparent centre at first, then 
becoming opaque. The border is ciliated ; little projoetions 
evenly arranged. 

Potato.— A white covering at first, which then changes to a 
roii^h browD skin ; the skin can be detached in long threads. 

ZImyKrature.— Spores at ordinary temperatures. 
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Spores.-- Are very resistant; ate colored in the manner de- 
scribed in first part of the book for spores in general 

BaoiUits Kegatetiiun (de Bary). 

Origin.— Toand on cooked cabbage. 

Ibrm. — Large ro<ls, four times as long as they are broad, 
2.5 fi. Thick rounded ends. Chains with ten or more members 
often formed; granular ceil contents. 

Properties. — Abundant spore formation ; very slow movement ; 
slowly dissolves gelatine. 

GrouKft.— Strongly Bjrobic ; grows quickly, and best, at a tem- 
perature of 2CP C. 

Plate Cblonies.— Small, round, yellow points in the dspth of 
the gelatine. Under microscope irregular masses. 




BacilluB Megi 



irith sporeo. 



Stab Ct(flui-e.— Funnel-shaped from above downwards. 
Potato.— Thick growth with abundance of spores. 
Bacillus Samosm. 

Syn. Bac. Mycoidea (Fliigge). Wwxel or root badllm. 
Origin.— In the upper layers of garden or form grounds, and 

PorMi.— Short tods, with rounded ends, about three times 
as long as they are thick ; often in long threads and chains. 



NON-PATHOGENIC BACTERIA. 79 

Properties. — Large, shining, oval spores 5 a slight movement ; 
liquefy gelatine. 

Orowth. — At ordinary temperatures, with plentiful supply of 
air. 

Plate Colonies. — Look like roots of an old tree gnarled together, 
radiating from a common centre. On surface soon liquid. 

Stab Culture.— Soon a growth occurs along the needle track, 
and the whole resembles a pine tree turned upside down. The 
gelatine then becomes liquid, a thin skin floating on top, /ind 
small flakes lying at the bottom. 

Stroke Culture. — Feathery resemblance is produced. 

^xiining. — Spores stain readily with the ordinary spore stain. 

Baeterinm Zopfi. (Kurtb.) 

Origin. — Intestines of a fowL 

Form. — Short thick rods forming long threads coiled up, 
which finally break up into spores, which were once thought to 
be micrococci. 

Properties. — Very motile ; does not dissolve or liquefy gela- 
tine. 

Growth. — In thirty hours abundant growth; cerdbic; grows 
best at 200 C. 

P/atcs.— Small white points which form the centre of a very 
fine netting. With high power this netting is found composed 
of bacilli in coils, like braids of hair. 

Excellent impress or '*Klatsch" preparations are obtained 
from these colonies. 

Staining. — Ordinary dyes. 

Badllns Subtilis. (Hay Bacillus.) Ehrenberg. 

Origin. — Hay infusions ; found also in air, water, soil, faeces, 
and putrefying liquids. 

Form. — Large rods, three times as long as broad ; slight 
roundness of ends, transparent ; seldom found singly ; usually 
in long threads. Flagella are found on the ends. Spores of 
oval shape, strongly shining, very resistant. 

Properties. — Very motile ; dissolves gelatine. 

Ghrowth. — Rapid ; strongly aerobic. 

PUxte, — Round, gray colonies, with depressed white centre. 
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Under microscope the centre yellow ; the periphery like a wreath, 
with tiny little rays projecting ; very characteristic. 

Potato. — A thick moist skin forms in twenty-four hours. 

Staining. — Eods, ordinary stain, spores^ spore stain. 

It is easily obtained by covering finely cut hay with distilled 
water, and boiling a quarter of an hour. Set aside forty-eight 
hours. A thick scum will show itself on the surface composed 
of the subtilis bacilli. 

Badllns Spinosos. (Liideritz.) 

Called spinosus because small spine-like processes are formed 
by the colonies. 

Origin,— In the juices of the body of a mouse and guinea-pig 
which were inoculated with garden earth. 

Form, — Large rods, straight, some slightly bent, ends rounded ; 
often in long threads. 

Properties.— Large spores, the bacillus enlarging to allow the 
spores to develop ; very motile ; gelatine slowly liquefied. A 
gas is formed in the culture having an odor like Swiss cheese. 

Growth. — The growth occurs at ordinary temperatures only 
when the oxygen is exclitded. Very strongly anserobic. Glu- 
cose added to the gelatine (1 to 2 per cent.) increases the nutri- 
tive value. 

Colonies in roll cultures and high stah cultures appear as little 
spheres surrounded by a zone of liquefied gelatine. In the 
deeper growths thorn-like projections or spines develop pro- 
ceeding from a gray-colored centre. 

Staining. r-^'^^^ ordinary methods. This bacillus, being 
strongly anaerobic, must be cultured with the usual care taken 
with anserobins. 

Some Bacteria found in Hilk. BacHluB Acidi LacticL 
(Hiippe.) 

Origin. — In sour milk. 

li^orm.— Short thick rods, nearly as broad as they are long, 
usually in pairs. 

Pro29€rties.— Immotile. Spores large shining ones. Do not 
liquefy gelatine. Breaks up the sugar of milk into lactic acid 
and carbonic acid gas, the casein being thereby precipitated. 

Qrowth.SioYf \ is facultative anaerobic. Grows first at 1(PC. 
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Plate Colonies. — First small white points, which soon look like 
porcelain, glistening. Under microscope the surface colonies 
resemhle leaves spread out. 

Stab Culture. — A thick drv crust with cracks in it forms on the 
surface after a couple of weeks. 

Attenuation. — If cultured through successive generations, they 
lose the power to produce fermentation. Several other bacteria 
will give rise to lactic acid fermentation ; but this especial one 
is almost constantly found, and is very wide spread. 

In milk, it first produces acidity, then precipitation of casein, 
and finally, formation of gases. 

A bacillus described by Grotenfeldt, and called Bacterium 
Addi iMctici^ forms alcohol in the milk. It was found in milk 
in Bavaria. 

Badllns Butyricns. (Htippe. ) 

This bacillus causes butyric acid fermentation. 

Origin. — Found in milk. 

Form. — Short and long thin rods with rounded ends ; large 
oval spores, seldom forming threads. 

Properties. — Very motile ; liquefies gelatine rapidly ; produces 
gases resembling butyric acid in odor. In milk it coagulates the 
casein, decomposes it, forming peptones and ammonia, with a 
bitter taste, and butyric acid fermentation. An alkaline reaction. 

Growth. — Quickly, at 35^ to 4(P C, with oxygen. Spons very 
resistant. 

Col(mies. Plate. — Small yellow points which soon run together, 
becoming indistinguishable. 

Stab Culture.— A small yellow skin formed on the surface with 
delicate wrinkles ; cloudy masses in the liquefied portion. 

Staining.— With ordinary stains. 

Badllns Amylobacter (Van Tiegham) ; or, Clostridinm Buty- 

riciun. (Prazmowsky.) (Vibrion butyrique of Pasteur.) 

Origfin.— Found in putrefying plant-infusions, in fossils, and 
conlfera of the coal period. 

J^brw.— Large, thick rods, with rounded ends, often found in 
chains. A large glancing spore at one end, the bacillus becoming 
spindle-shape in order to allow the spore to grow ; hence the 
name Clostridium. 
6 
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Fig. 4(j. Properties,— Very motile; gases arise 

with butyric smell. In solutions of sugars, 
lactates and cellulose-containing plants, 
and vegetables, it gives rise to decomposi- 
tions in which butyric acid is often formed. 
Casein is also dissolved. 
Like granulose, a watery solution of 
t H (^ 0) iodine will color blue some portions of the 
\ ^ ^ bacillus ; therefore it has been called amy' 
I I % lobacter, 

I ^ ^ Growth, — It is strongly anserobic, and 

Iff has not yet been satisfactorily cultivated. 

Badllns Lactis Cyanogenus. Bo^stemm 

BaoiUus Amyiobact6r. Syncyanum, (Hiippe.) 

On^m.— Found in blue milk. 

JFbrm.— Small narrow rods about three times longer than they 
are broad ; usually found in pairs. The ends are rounded. 

Properties, — They are very motile ; do not liquefy gelatine ; 
form spores usually in one end. A bluish-gray pigment is formed 
outside of the cell, around the medium. The less alkaline the 
media the deeper the color. It does not act upon the milk other- 
wise than to color it blue. 

Growth, — Grows rapidly, requiring oxygen. Colonies on plate. 
Depressed centre surrounded by ring of porcelain-like bluish 
growth. Dark brown appearance under microscope. 

Stab Culture. — Grows mainly on surface ; a nail-like growth. 
The surrounding gelatine becomes colored brown. 

Potato. — The surface covered with a dirty blue scum. 

Attenuation, — After prolonged artificial cultivation loses the 
power to produce pigment. 

Staining. — By ordinary methods. 

Bacillus Lactis Erythrogenes. Ba/sUlus of Bed Milk, (Hiippe 
and Grotenfeldt.) 

Origrm.— Found in red milk, and in the faeces of a child. 

li^orm.— Short rods, often in long filaments, without spores. 

Properties, — Does not possess self-movement. Forms a nause- 
ating odor ; liquefies gelatine. Produces a yellow pigment which 
can be seen in the dark, and a red pigment in alkaline media, 
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away from the light. In milk it produces the yellow cream on 
top of the blood-red serum, or, fluid in the centre, and at the 
bottom the precipitated casein. 

Growth. — Grows rapidly in bouillon and on potatoes ; slower 
on the other media; PZotes. A cup-like depression in the centre 
of the colony, with a pink coloration around it, the colony itself 
being slightly yellow. 

Stab Culture, — The growth mostly on surface. The gelatine 
afterwards colored red and liquefied. 

Potato, — A golden yellow pigment formed at 37^ C, after six 
days. 

Examination of Milk in Stained Specimen. A drop of milk 
diluted with a drop of distilled water is dried on the cover-glass 
and fixed by heat. Chloroform methyl blue, prepared by mix- 
ing 12 to 15 drops of saturated alcoholic solution of methyl blue 
with 3 or 4 c.c. of chloroform, is used for staining. The chlo- 
roform is then evaporated by exposing the specimen for a few 
minutes to the air. Bacteria blue ; rest of field unstained. 

Another method is to mix a drop of milk with two or three 
drops of a 1 per cent, solution of sodium carbonate on a cover- 
glass. Saponification of the fat occurs on heating the mixture 
to evaporation. The preparation is then stained in the ordinary 
manner. 

Some Non-Pathogenic Bacteria found in Water. The bacteria 
found here are very often given to producing pigments or phos- 
phorescence, and are in great number. The more common ones 
only will be described, 

BaciUns Yiolaeens. 

Origin,— Water. 

Form, — A slender rori with rounded ends, three times as long 
as it is broad, often in threads ; middle-sized spores. 

Properties. — Very motile ; forms a violet-blue pigment, which 
is soluble in alcohol, and depends upon oxygen for its growth. 
Bapidly liquefies gelatine, but not agar. 

Growth, — Grows fairly quick, is facultative anaerobic. 

(Jul;tare8 on Plate. — At first the colonies look like inclosed air- 
bubbles. Low power shows irregular masses, with a centre 
containing the pigment and a hairy-like periphery. 
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Stab Culiure. — Cone-like liquefaction containing air, and the 
pigment, in separated granules, lying towards the bottom. 

Stroke Culture on Agar,— A violet, ink-like covering which 
remains for years. 

Badllns CoBrnlens. (Smith. ) 

Origin, — Schuylkill water. 

Fornu — Yery thin rods ; 2.5 fi. long, 0.5 /*. wide ; often in 
threads ; spores were not found. 

Properties, — Liquefies gelatine ; produces a very deep-blue 
pigment. 

Orowth. — Slowly, with oxygen, at ordinary temperature. 

Plate, — Bound colonies on the surface of bluish color. 

Stab Cultures, — A cup-shaped liquefaction along the needle 
thrust, with a sparse growth, the liquefied portion appearing 
blue. 

Fitiorescent Bacteria. Several kinds present in water. 

Bacillus Erythrospoms. (Eidam.) 

Origin, — Drinking water and putrefying albuminous solutions. 

Form, — Slender rods often in short threads, with spores of 
oval shape, and appearing as if stained with fuchsin. 

Properties, — Motile ; does not dissolve gelatine ; produces a 
greenish-fluorescent pigment which appears yellow in reflected 
light, but green on transmitted light. 

Ghrowth, — Somewhat quickly ; facultative anserobic ; growth 
only at ordinary temperatures. 

Plates, — White colonies, with greenish-yellow fluorescence 
around each colony. Under microscope the periphery appears 
radiated. 

Stab Cultures. — Good growth along the needle thrust ; the 
whole gelatine gives out the fluorescence. 

Bacillus Fluorescens Lique&ciens. 

Origin, — Water, and from conjunctival sac. 
. Ibrm, — Very fine little rods ; no spores. 

Properties, — Motile ; forms a greenish-yellow fluorescent pig- 
ment ; liquefies gelatine. 

Ghrowth, —Rapid only at ordinary temperatures, and strongly 
serobic. 
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Plates. — Bound colonies, cup-shaped depressions, the solid 
gelatine that remains becoming colored with greenish-yellow 
fluorescence. 

Stdb Gidture. — On the surface, air-bubble depressions ; the 
white colonies in the bottom of these depressions, and the solid 
gelatine around the inoculation shining with the fluorescence. 

Phosphorescent Bacteria. Six varieties of phosphorescent 
bacteria have been described ; they are found usually in sea- 
water, or upon objects living in the sea. 

Bacillus Fhosphorescens Indicos. (Fischer.) 

Origin, — Tropical waters. 

^rm. — Thick rods, with rounded ends, sometimes forming 
long threads. 

Properties. — Very motile ; liquefying gelatine at a tempera- 
ture of 25^ to 3(P C, with oxygen and a little moisture, and in 
the dark, a peculiar electric-blue light develops a phosphores- 
cence. 

Ghrowth. — Slowly ; must have oxygen ; does not grow under 
IQo C. or over 50° C. 

Plates. — Little round, gray points, which under low power 
appear as green colonies with reddish tinge around them. 
Cooked fish, when smeared upon the surface with a little of the 
culture, show the phosphorescence most marked. Grows well 
on potatoes and bloodrsernm. 

Bacillus Fhosphorescens Indigenus. (Fischer. ) 

Origin, — Waters in the northern part of Germany. It differs 
from the Indian bacillus, in that it grows at a temperature of 
5P C, and does not develop upon potatoes or blood-serum. 

Bacillus Fhosphorescens Oelidus. (Forster.) 

Ortgrin.— Surfaces of salt-water fish. 

^orwi.— Short, thick rods, looking oval sometimes ; zoogloea 
are often formed. 

Properties, — Motile ; does not liquefy gelatine ; a beautiful 
phosphorescence from the surface of fish ; it can be photographed 
by its own light. 

Colonies. — Grows best between (P and 2CP C. ; grows slowly, 
and mostly on the surface. The material must contain salt. 
A bouillon made with sea-water, or 3 to 4 per cent, common 



86 ESSENTIALS OP BACTERIOLOGY. 

salt will suffice. The colonies appear as those of the Phospho- 
rescens Indicus. 

Fresh herring laid between two plates will often show phos- 
phorescence in twenty-four hours. 

The other three varieties require glvcoae in the culture before 
they give out any glow. They are Bacteinvm Pfluyeri^ BclcL 
Fischeri^ and Bad. BaUicum, They do not dissolve gelatine. 

Several very indistinct species, found in waters from &ctories 
and in some of the mineral waters, deserve yet to be men- 
tioned. They have been given various names by observers; 
almost a new classification created. Such are the crenoHmXy 
dddoihrix, and heggiatoa, 

Crenofhrix Kohniana. (Babenhorst.) Long filaments joined 
at one end ; little rod-like bodies form in the filaments ; and 
these break up into spores. 

Zoogloea are also formed by means of spores ; and these can 
become so thick as to plug up pipes and carriers of water. 
They are not injurious to health. 

Cladothrix Dichotoma. (Cohn.) Yery common in dirty 
waters. The filaments branch out at acute angles, otherwise 
resembling the crenothrix; accumulations of ochre-colored 
slime, consisting of filaments of this organism, are found in 
springs and streams. 

Leptothrix Bnccalis. In the mouth long filaments or threads 
resembling bacteria are commonly found. At one end are seen 
numerous cocci-like bodies, which some regard as spores. The 
botanical position of this organism is not yet definitely deter- 
mined. 

With iodin the leptothrix is colored yellow. At one time it 
was considered the cause of " tartar " on the teeth, and often it 
fills the crypts of the tonsils, forming there small masses which 
are difficult to remove. Miller distinguishes three varieties — 
Leptothrix buccalis innominata, maxima, and gigantea. 

Begg^toa Alba. (Vancher.) The most common of this 
species. The distinction between this and the preceding species 
lies in the presence of sulphur granules contained in the struc- 
ture, and hence they are often found where 8uli)hur or sulphides 
exist ; but where the remains of organic life are decomposing 
they can also be found. 
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Several large spirilla and vibrio live in bog and rain-water, 
but our space does not suffice to describe them. 

Hioro-organisms found in Urine. When freshly passed, urine 
of a normal state contains no bacteria. By contact with the air 
and the urinary passages exposed to air, a great number of yeast 
moulds and bacteria soon accumulate in the fluid. Bacteria 
also enter urine through the blood and during its secretion. 

A number of bacteria have the property of converting urea 
into carbonate of ammonia. 

The urine should be centrifuged and the deposit then exam- 
ined. The drying and fixing must proceed very slowly, since 
otherwise crystals of salt will be precipitated and mar the 
specimen. 

Bacterium TJreed. 

Origin. — Decomposed ammoniacal urine. 

M/rm, — Thick, little rods, with round ends one-half as thick 
as they are long. 

Properties. — Does not dissolve gelatine ; changes urea into 
carbonate of ammonia. 

GroM^.— At ordinary temperatures, very slowly. In two days 
on gelatine very minute points, which in ten days have the size 
of a cent. The colonies grow in concentric layers. 

Hicrocoocus TTreee. (Pasteur and Van Tieghain.) 

Origin. — Decomposed urine and in the air. 

Mmn. — Cocci, diplococci, and steptococci. 

Properties. — Decomposes urea into carbonate of ammonia ; 
does not liquefy gelatine. 

Growth.— Grows rapidly, needing oxygen; can remain sta- 
tionary below (P C. ; growing again, when a higher temperature 
is reached. 

Colonies on Plate.— On the surface like a drop of wax. 

Stab Cultures.— Looks like a very delicate thread along the 
needle thrust. 

Other bacteria are found in urine in various pathologic pro- 
cesses, such as tubercle bacilli, typhoid bacilli, gonococci, and 
other pyogenic organisms. 

The Urobacillus liquefaciens, found by Schnitzler and Kro- 
gius in cystitis, is supposed to stand in close relationship to this 
disease. 
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Spirillam. Spirillnxa Knfamm. (Esmarch.) 

Origin. — Body of a mouse dead with septicsemla. 

^orw.— Spirals of variable length, long joints, flagella on each 
end ; no spores. 

Properties. — Does not liquefy gelatine ; very motile ; produces 
a wine-red pigment, which develops only by absence of oxygen. 

Qrowih. — Can grow with oxygen, but is then colorless ; grows 
very slowly ; ten to twelve days before any sign ; grows best at 
370 c. 

Gelatine Roll Cultures. —Small, round ; first gray, then wine- 
red colonies. 

Stdb Cultures. — A red-colored growth along the whole line ; it 
is deepest below, getting paler as it approaches the surface. 

Spirillum Concentricnm. (Kitasato.) 

Origin. — Decomposed blood. 

Form. — Short spirals, two to three turns, with pointed ends ; 
it has flagella on the ends. 

Properties. — Very motile ; does not liquefy gelatine. 

Growth. — Very slow ; mostly on the surface ; best at ordinary 
temperatures. 

Plates. — A growth of rings concentrically arranged, every 
alternate one being transparent ; the furthest one from the 
centre possessing small projections. 

Stab Cultures. — Growth mostly on the surface. 

Sarcina. Cocci in cubes or packets of colonies. A great 
number have been isolated ; many producing very beautiful 
pigments. The majority of them found in the air. 

Sardna Lutea. (Schroter. ) 

Origin. — Air. 

Form. — Very large cocci in pairs ; tetrads and groups of 
tetrads. 

Properties, — Liquefies gelatine slowly ; produces sulphur-yel- 
low pigment. 

Growth. — Slowly ; at various temperatures ; strongly serobic. 

PlaJtes. — Small, round, yellow colonies. 

SUih Cultures. —Grows more rapidly, the growth being nearly 
all on the surface, a few separated colonies following the needle 
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thrust for a short distance. Agar^ a very beautiful yellow, 
along the stroked surface. 

Sarcina Anrantica. — Flava, rosea,^ and alba are some of the 
other varieties. Many are obtained from beer. 

Sarcina Ventriotdi. (Goodsir. ) 

Origin, — Stomach of man and animals. 

Form, — Colorless, oval cocci, in groups of eight and packets 
of eight. 

Properties. — Does not liquefy gelatine ; shows the reaction of 
celkdose to iodine. 

Ghrowth, — Eapid. At end of thirty-six hours, round, yellow 
colonies, from which colorless cocci and cubes are obtained. 

Habitat, — They are found in many diseases of the stomach, 
especially when dilatation exists. 



CHAPTER II. 

PATHOGENIC BACTERIA. 

Wb have divided this part into two portions. 

I, Those bacteria which are pathogenic for man and other 
animals. 

IL Those bacteria which do not affect man, but are patho- 
genic for the lower animals. 

Here again it will only be possible to give the more impor- 
tant bacteria ; there are many diseases in which micro-organisms 
have been found, but they have not yet been proven as causa- 
tive of the disease, and have also been found in other diseases. 
We cannot treat of them here. 

Badllus Anthracis. (Bayer and Davaine.) — ^Rayer and Da- 
vaine, in 1850, first described this bacilhis; but Pa^teury and 
later Koch^ gave it the importance it now has. 

Syrumyms, — Bacteridie du charbon (Fr.), Milzbrand bacillus 
(German) ; bacillus of splenic fever, or malignant pustule. ; 

Origin,— In blood of anthrax-suffering animals. 
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fbrm.— Rods of variable leugth, nearly the size of a human 
blood-corpufcle, broad cup-shaped ends; in bouillon tullures, 
long Ihreada are ibrraed, with Hrge, oval spores. 




P»V)perI»M.— Liquefies gelatine ; iraiuotile ; the spores are very 
resisting, living twenlj years. 
( G'rottKA,— Grows rapidly, between 12° C. and i5° C, and re- 
' quires plenty of oxygen, not growing without it ; grows well in 
all media. 

Plaits of OeioSi'ne.— Colonies develop in two days, white shiny 
spots, which appear under microscope as slightly yellowish 
gmnular-twistod balls, like a ball of yarn ; each separate string 
or hair, if looked at under high power, being composed of bac- 
teria in hne. 

Stab CuUuTes. — A white growth with thorn-like processes along 
the needle-track ; later ou, gelatine liquefled, and flaky masses 
at the bottom. 

Potato, — A dry creamy layer, and when placed in brood-oven, 
rich in spores. 
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'^artdtes. A^torogenic. — By cultivation in gelatine, contain- 
ing 1 to 1000 ac-carbolic, a variety develop tliitt canaot produce 
spores. Also involution /(mna, differing from the usual type. 




Staining.— The} readily take all the aniline Oyes with the 
ordinary methods To bung out the cup-shiped concave ex- 
treraities, a vciy weak watery solution of mcthjhn blue is best. 

^poroi are etained b\ the usual method. When several bacilli 
are joined together, the place of their joining looks like a spore 
because of the hollowed ends. The double staining will develop 
the dilTerence. 

Sections of tissue are stained acoording to the ordinary 
methods, taking Oram's method very nicely. 

Pathogenesis. — When mice are inoculated with anthrax mate- 
rial through a wound in the skin, they die in twenty-four liours 
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from an active septicaemia, the point of inoculation remaining 
unchanged. The following appearances then present them- 
selves : — 

PmtoweMm.— Covered with a gelatinous exudate. 
I Spleen. — Very much swollen, dark red, and friable. 
/ ituer.— Parenchymatous degeneration. 

Blood. — Dark red. The bacilli are found wherever the capil- 
laries are spread out, in the spleen, liver, intestinal villi, and 
glomeruli of kidney, and in the blood itself. Only when the 
capillaries burst are they found in the tubules of the kidney. 

Mode of Entrance. — The bacilli can be inhaled, and then a 
pneumonia is caused, the pulmonary cells containing the bacilli ; 
when the spores are inhaled, a general infection occurs. 

Feeding. — The cattle graze upon the meadows, where the 
blood of anthrax animals has flowed and become dried, the 
spores remaining, which then mix with the grass and so enter 
the alimentary tract ; here they then cause the intestinal form 
of the disease, ulcerating through the villi. 

Local Infection. — In man usually only a local action occurs ; by 
reason of his occupation — wool-sorter, cattle-driver, etc., he 
obtains a small wound on the hand, and local gangrene and 
necrosis set in. 

Pneumonia by inhalation can also occur in man. 

Susceptibility of Animals, — Dogs, birds, and cold-blooded ani- 
mals affected the least ; while mice, sheep, and guinea-pigs 
quickly and surely. 

Products of Anthrax Bacilli. — A basic ptomaine has not been 
found, but a toxalbumen or proteid, called anthraxin, has been 
obtained. A certain amount of a^dd is produced by the virulent 
form, alkali by the weak. 

Attefnv/xtion and Immunity. — Cultures left several days at a 
temperature between 4CPand42o C. soon become innocuous, and 
when injected into animals protect them against the virulent 
form. 

The lymph obtained from lymph-sac of a frog destroys the 
virulence of anthrax bacilli and spores temporarily. 

Hankin obtained an alexin from the blood and spleen of rats, 
they being naturally immune. It destroyed the anthrax bacilli 
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in vitro, and used by injection in susceptible animals made 
them immune. It is insoluble in alcohol or water. 

Protective Vaccination, — Animals have been rendered immune 
by various ways — by inoculation of successive attenuated cul- 
tures ; also with sterilized cultures — that is, cultures containing 
no bacilli, and with cultures of other bacteria. 

HaMtat, — The anthrax disease seems confined to certain dis- / 
tricts in Siberia, Bavaria, and Auvergne, and mainly during the / 
summer months. 

The bacillus has never been found free in nature. 

Bacillus Tuberculosis. (Koch. ) 

This very important bacillus was first described, demonstrated, 
and cultivated by Koch, who made his investigations public on 

Fig. 50. 









Tubercle bacilli in sputum, carbol-fuchsin, and methylin blue. Zeiss 1:12 oil 

immersion. 

the 24th of March, before the Physiological Society of Berlin, 
in the year 1882. 

Origin. — In various tubercular products of man and other 
animals. 

i^orwi.— Very slender rods, nearly straight, about one-quarter 
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the size of a red corpuscle's diameter, their ends rounded, usu- 
ally solitary, uflen, however, lying in pairs in such a manner as 
to form an acute angle. Sometimes they are 'S'-shaped. In 
colored prepnrations little oval spaces are seen in the rod, which 
resemble spores ; but the question of the existence of spores is 
still undecided. 

Properties.— Does not possess self-movement. 
.' G'roaitft..— Requires special media for its growth, and a temper- 
/ atiire varying but slightly from 37.5° C, It grows slowly, de- 
veloping first after ten days, reaching its mRximuni in three 
weeks. It is facultative anaerobic. Od gelatine it does not 
form a growth. 

Colonies on Blood Serum.— Koch first used blood serum for 
culture ground, and obtained thereon very good growths. Test- 
tubes with siroifce culture were pinced ia the brood oven at 37° C. 
for ten to fourteen days, when small glistening white points a{>- 
peaied which then coalesced to form a dry, white, scale-like 
growth. Under microscope composed of many fine lines con- 
taining the tubercle bacillus. 

Qlycerine Agar.—'Zy adding four to six per cent, glycerine to 
ordinary agar-peptone medium, !Nocard and Boux obt^ned a 
culture ground upon which tubercle bacilli grew much better 
than upon blood serum. This is now almost exclusively used. 

Stroke cultures are here used as with blood serum. They are 
placed in brood-oven after inoculation, and remain tliere about 
ten days, at a temperature of 37° C. ^^^_ ji^ 

The cotton plugs of the tubes i 
covered with rubber caps, the cotton 
first having been passed through the 
flame, and moistened with a few drops 
of sublimate solution. The rubber [ 
cap prevents the evaporation of the 
' water of condensation which always 
■ forms, and keeps the culture from dry- 
ing up. 

The growth which occurs resembles 
the rugte of the stomach, and some- 
times looks like crumbs of bread moist- 
enai. T4ie impression or"Klfttsch" preparation shows under 




the microscope a thick curled-up centre around which threads 
are wound in all directions. And these fine liuee show the 
bacilli in profuaion. 
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Potato.— It can be cultivated on slices of potato which are 
placed in air-tight te.st-tulws. 

BouUhn.—'RnaMion containing four per cent, glycerine is a 
vei-y good nurture ground. 

Vartetiea, — Dixon, of Philadelphia, and others have obtained i 
branched forms of bacilli and club-shaped forma. 

Little granules arranged like streptococci, which take the 
characteristic stain, and look as if the protoplaama had been 
destroyed that enclosed them, are frequently found in sputum. 



/ Bovine tuberde-b'icitli 
tubercle bacilli. 
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boul one-third smaller than hiimiin 




Staining. — The tubercle bacilli require special methods to 
alain them, and a great number have been introduced. They 
are BtaiDed with great difficulty : but once staiued, they are 
very resistant tu decolorizing agents. Upon these facta all the 
methods are founded. 

It will only be necessary to describe those methods principally 
in use ; and as the examination of sputum for bacilli is of so 
frequent an occurrence, and bo necessary, it is well to detail in 
particular the method of staining. 

Starting with the sputum, we search for little clumps or rolled- 
up masses ; if these are not present, the most eolid portions of the 
mucus are brought with forceps upon a clean covcr-glasa ; very 
little suffices. With another cover-glass it is pressed and spread 
out evenly ; drawing one glass over the other, we obtain two 
specimens, and these put aside or held high over the Hame until 
dry. 

If we desire to examine the specimen quickly, or make a 
hurried diagnosis, we use the rapid method, with hot solutions ; 
otherwise we let it stay, in cold solution until the next morning 
the advautagen of which will be later on described. 

The Bapid Method.— {B. Prankcl's method modified by Gab- 
bet.) The principle is to combine with the contrast stain the 
decolorizing agent ; but the preparations are not permanent ; 
the method, however, is very useful. 
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Two solutions are required: one of ZiehVs carbol-fuchsin ; 
the other Gabbet's acid methylin blue. (See No. X., on 
page 33.) 

The cover-glass containing the dried sputum is passed three 
times through the flame, as described in the general directions. 
It is then placed in the carbol-fuchsin solution five minutes (cold), 
or two minutes in the hot, immediately then transferred to the 
second solution, the acid blue, where it remains one minute, 
then washing in water. The preparation is dried between filter- 
paper, and mounted best fii*st in water. Examined with oil- 
immersion. 

Another Bapid Method, — This method possesses the advan- 
tage of giving permanency to the preparations ; but the bacilli 
are distorted and ugly crusts form. 

Three dishes are required : — 

The first contains nitric acid and water 1-4. 

The second alcohol. 

The third distilled water. 

They are arranged one after the other in the above order. 

Two staining solutions must be at hand, carbol-fuchsin and 
watery methylin blue. The cover-glass containing the dried 
sputum is passed three times through the flame, then covered 
with a few drops of carbol-fuchsin, and held in the forceps over 
the flame, so that the stain will boil upon the glass. With a 
pipette the dye is constantly added and kept boiling for about 
one minute. It is then decolorized by holding it in the first 
dish until it appears brownish-black, then directly into the 
second dish, when the alcohol peals off" the red color in little 
clouds, and it becomes nearly colorless ; about five seconds 
suffice. Then it is placed in the third dish, the water washing 
off the alcohol. If the color of the preparation is now deeper 
than a slight pink, it is again dipped into the acid, alcohol, and 
back into the water, careful not to hold it too long in the above 
solutions. The contrast stain is now applied, a few drops of the 
methylin blue solution left on cold for two minutes being suffi- 
cient. The glass is next dried and mounted on the slide in 
Canada balsam. Examined with oil-immersion. The tubercle 
bacilli red, all else blue. Instead of holding cover-glass in for- 
7 
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ceps, it can be placed in a test-tube containing carbol-fuchsin 
and heated in this manner. 

Slow Method. — When perfect permanent preparations are 
desired and the bacilli to be seen unaltered, the slow method is 
to be preferred, and it is to be recommended whenever the time 
allows. It consists simply in allowing the carbol- fuchsin to work 
upon the preparation a number of hours. We usually place the 
cover glass with the dried sputum and which has been drawn 
through the flame three times, in a little dish containing enough 
dye to allow the glass to be immersed. We do this about 5 or 6 
o'clock P.M., and the next morning the preparation is ready 
for decolorizing, the process being the same as described above, 
viz., 25% nitric acid, alcohol and water, and the contrast stain 
methylin blue. We thus avoid the formation of ugly crusts, 
the bacilli are not distorted, the specimen is permanent and 
very clear. 

BiedetVs Method of Collecting Bacilli, when the bacilli are 
very few in a great quantity of fluid, as urine, pus, abundant 
mucus, etc., Biedert advises to mix 15 c.cm. of the fluid 
with 75 to 100 c.cm. water and a few drops of potassium or 
sodium hydrate, then boiling until the solution is quite thin. It 
is placed in a conical glass for two days, and bacilli with other 
morphological elements sink to the bottom of the glass ; when 
the supernatant liquid is decanted, the residue can be easily 
examined. In this way bacilli were found that had eluded 
detection examined in the ordinary manner. 

The centrifugal machine is used either in connection with 
Biedert's sediment method or without, to obtain the solids sus- 
pended in urine or serum. 

Carbolic Acid to Sediment Sputum, — Pure carbolic acid added 
to sputum (about 1 part of the acid to 6 parts of sputum) will 
in a few hours produce a coagulation and allow the sputum to 
be spread evenly on the cover-glass, showing greater collections 

of bacilli. 

Withovt cover-glass. — Sputum can be spread and stained on 
the glass slide without the use of a cover-glass, the oil oi cedar 
being placed directly on the stained sputum, and the oil immer- 
sion lens dipping into it. It is a rapid and cheap way ; and 
when a given case is to be studied daily the method is usefuL 
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Pitre GuUures from Sputum. — Kitasato recommends the tho- 
rough washing, changing the water ten times, of the small masses 
found in the sputum of tubercular persons. When such speci- 
mens are examined they show tubercle bacilli alone, and when 
inoculated in agar give rise to pure cultures. 

Staining Bacillus Tuberculosis in Tissue {sections), — The general 
method of Gi*am can be used, but the better way is to use the 
following : — 

Carbol-fuchsin, 15 to 30 minutes. 
5 per cent, sulphuric acid, 1 minute. 
Alcohol, until a light-red tinge appears. 
Weak methylin blue, 3 to 5 minutes. 
Alcohol, for a few seconds. 
Oil of cloves, until cleared. 
Canada balsam, to mount in. 
Instead of carbol-fuchsin, alcoholic solution offuchsin or aniline 
water fuchsin can be used, but the sections must remain in the 
stain over night. 

Hardened sputum and sectioning. — Sputum can be hardened by 
placing it in 98 per cent, alcohol. Thin sections can be obtained 
by imbedding the hardened sputum in collodion. The sections 
are then stained as ordinary tissue sections. 

To preserve sputum.— Sputum cRn be preserved for future use 
by placing it in alcohol, where it can be kept for months. Cover- 
glass preparations can then be made by softening the coagula 
with a small amount of liquor potassa. 

The resisting action of the bacillus to acids is supposed to 
be due to a peculiar arrangement of the albumen and cellulose 
of the cell rather than to any particular capsule around it. 

Pathogenesis. — When a guinea-pig has injected into its peri- 
toneal cavity some of the diluted sputum containing tubercle 
bacilli it perishes in about three weeks, and the following 
picture presents itself at the autopsy : at the point of inoculation 
a local tuberculosis shows itself, little tubercular nodules contain- 
ing the characteristic bacilli. In the lungs and the lymphatics, ^ 
similar tubercles are found, a general tuberculosis. 

If the animal lingers a few weeks longer, the tubercles become 
necrosed in the centre and degeneration occurs, the periphery 
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still coDtainlng active bacilli, cavities having formed in the 
centre. 

Since the bacilli die in course of time, killed by their own pro- 
ducts, their number forms no correct guide of the damage present. 

Even their absence in the sputum does not preclude the ab- 
sence of a tubercular process. It is their presence only that 
warrants a positive declaration. The number of bacilli in a 
given specimen is no indication of the severity of the disease. 

They are found in the blood only when a vessel has come in 
direct contact with a tubercular process through rupture or 
otherwise. They have been found in other secretions, milk, 
urine, etc. 

Man is infected as follows : — 

Throuijh wounds. —Local tuberculosis. 

Through nutrition, — Milk and meat of tuberculous animals. 

Phthisical patients swallowing their own sputum and causing 
an intestinal tuberculosis. 

Inhalation, — This is the most usual way, probably constitu- 
ting the cause in y^^ of the cases. 

The sputum of phthisical patients expectorated on the floors 
of dwelling-houses in handkerchiefs, etc., dries, and the bacilli 
set free are placed in motion by the wind or rising with the dust 
are thus inhaled by those present. When the sputum is kept 
from drying by expectoration in vessels containing water, this 
great danger can be avoided. 

Nearly all the cases of heredity can be explained in this man- 
ner ; the young children, possessing very little resistance, are 
constantly exposed to the infection through inhalation and also 
by nutritixm. 

Immunity, — No one can be said to be immune, though per- 
sons who have been greatly weakened would offer less resistance 
than healthy individuals. 

Products of Tubercle Bacilli. The last years have developed 
some wonderful facts in relation to this important deadly bacillus. 
In 1889, Dr. Dixon, then Professor of Hygiene at the Univer- 
sity of Pennsylvania, spoke of a method of curing tuberculosis 
in guinea-pigs and with products obtained from the bacillus ; 
not much was thought of this statement at the time. 
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In August, 1890, Koch, before the Medical Congress claimed 
that he also had been able to cure tuberculosis in guinea-pigs, 
and would be able to give some interesting facts later on. In 
November he claimed that he had obtained reactions in man 
similar to those in the guinea-pig, and believed that a cure was 
at hand. 

In the excitement which followed this statement, tlie greatest 
hopes were raised and the impossible expected. In January, 
1891, Koch made public the manner of preparing the lymph or 
*' Tuberculin" or " Kochin," as it was variously called : old cul- 
tures of tubercle bacilli mixed with 60 per cent, glycerine and 
filtered through a Chamberlain-Pasteur filter, the filtrate thus 
obtained being a dark-brown liquid, sp. gr. somewhat higher than 
water, an odor like " beef extract," a sweetish taste, not soluble 
in alcohol ; according to Jollas, containing 50 per cent, water, 
and showing a strong Biuret reaction ; 1 milligramme of the 
lymph is supposed to contain but jziaa nnlligramme of the ac- 
tive principle. Dixon's lymph is obtained in a very similar 
manner, and no doubt contains the same principle. 

Dixon recommends instead of using the pure culture for 
obtaining the lymph, the tuberculosis lung of calf, a portion of 
which is treated with water and glycerine, and then filtered 
through Chamberlain-Pasteur filter without pressure. 

Manner of Using Koch^s Lymph, — One milligramme of the 
Koch's lymph is injected under the skin of one suffering with 
a tubercular process, and in a few hours to a few days, a rise of 
temperature, tightness about the chest, and exaggerated cough- 
ing spells take place, the symptoms varying in intensity; 
usually a secondary rise occurs on the following day. The 
dose has been gradually increased until the reactions subsided, 
and 600 milligrammes have then been borne without any reaction. 

On Lupus the process could be watched and was very char- 
acteristic ; a peculiar redness after the first injection, and after 
a few more injections scabs formed, and an apparent cure seemed 
to be obtained, but relapses were common and but very few 
authentic cures if any can now be had. 

Tuberculin is a protein, and has no action on the bacilli, but ' 
seems to act on tubercular tissue, adding to the inflammation '. 
and exciting phagocytosis. 
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Koch believed that the tuberculous tissue was rendered 
necrotic by this toxic principle, making the soil unfit for the 
bacilli, which then perished or were expectorated. 

Virchow dampened the excitement and ardor by showing 
a great diffusion of fresh miliary tubercles in the bodies of 
persons who had died and who had been treated with the 
lymph. 

Present Use of Tuberculin. — ^Tuberculin is now employed only 
as a diagnostic agent in supposed cases of tuberculosis in cat- 
tle. A reaction usually occurs in those animals which are 
affected. It has been used in doses of 30 to 40 grammes. 

Tuberculoddin. — ^This is an albuminoid obtained from tne 
original tuberculin by precipitation with alcohol. Klebs used 
it as a cure for tuberculosis. 

Antitoxin of Tuberculosis. An antitoxin obtained from im- 
munized guinea-pigs has been recommended as a cure, but the 
results are as yet undecided. 

Examination of Milk for Tubercle Bacilli Place a drop of 
the sample on a cover-glass and mix it with 2 drops of a 1 per 
cent, solution of sodium carbonate. The cover-glass is then 
gently warmed until evaporation is complete. The saponified 
fat is then stained as the ordinary cover-glass preparation. 
Only a very few persons have succeeded in discovering the 
bacillus in milk. 

Lepra Bacillus. (Hansen. ) 

Origin. — In 1880 Armauer Hansen declared, as the result ot 
many years' investigation, that he found a bacillus in all leprous 
processes. 

jPorm.— Small slender rods somewhat shorter than tubercle 
bacilli, otherwise very similar in appearance. 

In the interior of the cell two to three oval spaces are usually 
seen, not known if spores or otherwise. 

Properties, — They are immotile, do not liquefy the nutrient 
media. 

Growth. — Bordoni-Uffreduzzi have obtained growths upon 
blood serum to which peptone and glycerine had been added. 
The growth is very slow, requiring about eight days at a tem- 
perature of 370 C. 
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Colonies. — Small grayish round spots, under microscope ap- 
pearing like a close-netted spider web around a firm centre. 

Stab Cultures. — Show a waxy-like growth along the needle track. 

Staining. — They resist the decolorizing action of acids as the 
tubercle bacilli, but they are easily stained, requiring but a 
few minutes with the ordinary watery solutions. They take 
Gram's stain readily. 

Pathogenesis.— Armng has inoculated prisoners with tissue 
obtained from leprous patients, and produced true leprosy. 

Rabbits which had been infected through the anterior chamber 
of the eye showed the lepra nodules (containing the lepra 
bacilli) diffused through various organs. 

In man the skin and peripheral nerves are principally affected, 
but the lymphatic glands, liver, and spleen can also become the 
seat of the lepra nodules. The lepra cells which compose these 
nodules contain the bacilli in large numbers. By applying a 
vesicant to the leprous skin the serum thereby obtained will con- 
tain great numbers of bacilli. This is a simple diagnostic test. 

Method of Infection. — Not yet determined ; the air, soil, water, 
and food of leprous districts have been carefully examined with- 
out result. 

Syphilis BacUlns of Lustgarten (Smegma Bacillus of Alvarey 
and Tavel). Lustgarten in 1885, through a certain staining 
process, ' found peculiar bacilli in syphilitic tissues which he 
thought had a direct connection with the disease. 

In the same year Alvarey and Tavel and Matterstock found 
a similar bacillus reacting in the same way to Lustgarten's color 
method in normal secretions, especially in the smegma of the 
prepuce. 

The question yet remains an open one, what relation the 
syphilis or the smegma bacillus bears to syphilis, and will 
remain so until the bacillus can be cultivated, which so far has 
not been accomplished. 

Bacillns of Glanders. (Bacillus Mallei^ Loffler-Shiitz.) Botz 
badlltjis. 

Origin. — ^In the " farcy buds" or little nodules of the disease, 
by Loffler and Shiitz in 1882. 

Jbr»?i.— Small slender rods, about the size of the tubercle 
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bacillus. Tlie ends rounded. Never appearing in large collet 
tiona, usnally singly. Spores are present. 




Bacllloa of Glanders. 



Properties.— The rods are very reBistant, living in a dried state 

for three months and longer without any spores present. They 
are not motile ; posHess, however, great molecular vibration. 

Growth.— TUe growth occurs between 25° and 40° C, best 
at 37° C; It is very sparse upon gelatine, but on glycerine-^ar 
or blood serum a very abundant growth occurs. 

Colonies.— Od agar or glycerine-agar there appear in two to 
three days small white glistening drops, which under microscooe 
seem as round granular masses with an even periphery. 

Stroke Ctdtwes. — On glycerine-agar and blood serum small 
transparent drops of whitish or grayish color, which soon 
coalesce to form a broad band. 

Potato.— An ambernxilored honey-like growth which gradually 
turns red. 

iSfoininif.^Siuce the bacillus is very easily decolorized, some 
apeyial methods have been recommended. 

Zo^er'8.— (For eover-glasa preparations.) 

1. Alkaline methylin blue {Loffler'a). 5 minutes. 

2. Acetic acid with a few drops of tropieoUn. 1 second. 

3. Washed in water. 

For Sections. — Instead of tropteolin acetic acid, the following 
mixture is used: — 
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5^— Oxalic acid 6 percent. . . . gtt. j. 

Cone, sulphuric, acid gtt. ij. 

Aq. destill 3ij.— M. 

The sections are kept in this 5 seconds. 
KUhne^s method. Ooverglass, 

1. Warm carbol-blue 2 min. 

2. Decolorized in weak sol. of muriatic acid (10 parts to 500). 

3. Washed in water. 
Sections of Tissue, 

1. Carbol-blue, J hour. 

2. Decolorized in i per cent, muriatic acid. 

3. Washed in distilled water. 

4. Dehydrated in alcohol 1 second. 

5. Aniline oil with 6 gtts. of turpentine. 5 min. 

6. Turpentine, xylol, Canada balsam. 

If contrast stain, add 5 gtts. of safranin (Bismark-brown) to 
turpentine, and use it after the xylol. 

Pathogenesis, — If horses, field mice, or guinea-pigs be inocu- 
lated subcutaneously, with but a very small quantity of culture, 
a local affection results, followed some time after by a general 
disturbance ; ulcers form at the point of inoculation ; little 
nodules, which then caseate, leaving scars and involving the 
lymphatics ; metastatic abscesses then occur in the spleen and 
lungs, and death arises from exJiaustion, Cattle, pigs, and rab- 
bits are not easily affected ; man is readily attacked. 

Manner of Jw/ecf ion.— Glanders being a highly contagious dis- 
ease, it requires but a slight wound to allow it to gain entrance. 

In horses the primary sore seems to be at the nasal mucous 
membrane. In man it is usually on the fingers. Boiling water 
or 1-10,000 sublimate solution will quickly destroy the virulence 
of this bacillus. 

Mallein. A substance called mallein has been obtained from 
the cultures grown in glycerin bouillon. It gives a reaction 
when injected into cattle suffering from glanders, and is said 
to be useful in curing the disease. 

Bacillus of Diphtheria. (Klebs-Loffler.) 

Origin. — Klebs found it in membrane in 1883; it was isolated 
by Loffler in 1884. 
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F(yirm, — Small, slightly curved rods about as long as tubercle 
bacilli and twice as broad; the ends are at times swollen; spores 
have not been found. Their form is, however, very variable — 
sometimes much longer than usual, one end often greatly 
knobbed. Normal bacilli are found only in membrane. 

Stained forms are characteristic, since the ends are more easily 
colored than the centre, and usually the bacillus stains in seg- 
ments, so that it seems to be made up of very short sections. 
At first sight it appears like a chain of cocci. 

Properties, — They do not possess any movement ; do not 
liquefy gelatine. They are not very resistant, being destroyed 
by a temperature of 50^ C, but they have lived on blood-serum 
five months. 

Growth, — Grow readily on all media, between temperature 
of 2CP and 4CP C. They are facultative anaerobic ; they grow 
quite rapidly and profusely. Egg cultures (Hueppe's method) 
give good growths. Passing currents of air increase the growth. 

Colonies on Gelatine Flutes. — At 24® C. little round colonies, 
white under low-power, granular centre; irregular borders. 

Stab Cultures,— Smally white drops along the needle track. In 
glycerine-agar a somewhat profuse growth. 

Potato,— On alkaline surface, a grayish layer in 48 hours. 

Blood-Serum (after Loffler). — Blood serum 3 parts, and bouil- 
lon 1 part ; the bouillon contains peptone, 1 per cent., chloride 
of sodium, i per cent., and dextrin (or glucose), 1 per cent. 

In a few hours (eight to sixteen) on the white opaque surface 
a slight moisture is noticeable, which, if examined, is composed 
of bacilli. In twenty -four hours small round colonies are found 
which seem to arrange themselves concentrically. The growth 
becomes more abundant, and the individual colonies larger and 
yellowish. On blood-coagulum the growth is usually gray and 
the margins of the culture crenated. Often a diagnosis can be 
made in four hours if the serum tubes are kept in a brood oven. 

Bouillon. — In bouillon an abundant growth takes place, and 
this medium is used to obtain the toonns. 

Staining.— Is not colored by Gram's method. Stained best 
with Loffler's alkaline methylin-blue. 

Pathogenesis.— By inoculation, animals, which naturally are 
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not subject to diphtheria, have had diphtheritic processes de- 
velop at the site of infection ; hemorrhagic oedema then follows, 

and death. 

In rabbits paralyses develop, and when the inoculation occurs 
upon the trachea, all the prominent symptoms of diphtheria 
show themselves. 

Manner of Infecticm in Man,— The exact way is not yet known. 
It is supposed that the mucous membrane altered in some man- 
ner, the diphtheria bacillus, then gains entrance and the disease 

develops. 

Products.— Bui it is not the mere presence of the bacillus that 
gives rise to all trouble ; certain products which they generate 
get into the system and produce the severe constitutional symp- 
toms. 

Roux and Yersin, in 1888, discovered that the injection of the 
filtered culture bouillon (that is, freed of all diphtheria bacilli) 
gave rise to the same palsies as when the bacilli themselves were 
introduced. 

Toodns of Diphtfieria^—Bneger and Frankel filter the bouillon 
culture, evaporate (in vacuo at 27° C.) to J volume, then treat 
with 10 volumes of alcohol and acetic acid, the precipitate re- 
dissolved in water and reprecipitated with the acidulated alco- 
hol until a clear aqueous solution is obtained; this is then 
dialyzed for 72 hours, and again precipitated with alcohol, and 
dried ; a white amorphous body results, giving all the reactions 
of an albumen, and called by them toxalbumen. 

The toxin of diphtheria, first demonstrated by Roux and 
Yersin, is not an albumen. It is obtained by growing virulent 
bacilli in bouillon for three or four weeks at 37° C. After a 
sufiOicient alkalinity has been produced the cultures are fil- 
tered, and the filtrate should have a toxicity that will destroy 
a 600-gramrae guinea-pig in twenty-four hours when 0.1 c. cm. 
of the toxin is injected. 

Antitoxin. Behring found that animals rendered immune 
had a principle in their blood that was antagonistic to the 
development of the toxin. 

Invmunity. — Brieger and Frankel, by injecting 10 to 20 c.cm. 
of a three weeks' old culture of diphtheria bacilli, which had 
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been heated at 70^ C. for one hour, produced an immunity in 
guinea-pigs against the virulent form. 

This important discovery has been utilized in a practical way. 
Horses are made immune by gradually increased doses of the 
toxin until 300 c. cm. can be borne without bad effect. This 
may require several months^ time. The serum of such an im- 
munized animal is now possessed of antitoxic properties. 

Behring has standardized the strength of antitoxic serum, so 
that we say a serum has an immunizing strength of 60 units 
or 100 units, which means that 0.1 c. cm. of the serum would 
protect against 1 c. cm. of the toxin when injected together into 
guinea-pigs. 1 cubic centimetre of this is the unit. The strength 
commonly employed in human beings is 1000 units in 10 c. cm. 
If this amount is injected into a child suffering from diphtheria 
in the earlier stages (second to third day), the disease is often 
arrested. The membrane begins to disappear, and in two or 
three days has vanished. The constitutional symptoms are 
likewise greatly influenced by the injection. If a smaller dose 
is injected into persons who have been exposed to contagion, 
the disease is prevented from appearing. 

The antitoxin has no influence on the bacteria themselves; 
their virulence and length of residence in the body is not 
lessened. 

The toxin generated by the germ is supposed to be neutral- 
'ized by the antitoxin and prevented from injuring the body 
tissues. 

Behring found several ways to make animals immune. One 
method was to infect them with diphtheria and then inject tri- 
chloriodine into them, which prevented them from dying, and 
they were then immune. 

Site of Bacilli. — Bacilli are usually found in the older portions 
of the pseudo-membrane very near to the surface. The secre- 
tions of the throat of a diphtheritic child produced bacilli three 
weeks after the temperature was down to normal. 

Streptococoiis in Diphtheria. Streptococci have been found 
quite constant in diphtheria, but they resemble the strepto- 
coccus pyogenes, and have no specific action. 

BacillnB of Typhoid or Enteric Fever. (Eberth-Gaffky. ) 

Origin.— Eberth found this bacillus in the spleen and lym- 
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phatic glands in the jear 1B80, and GafTky Isolated and cultivated 
the same four years later, 

Ibrm. — Bode with rounded ends about three times as lonji as 
they are broad. Usually solitary in tissue-sections, but in arti- 
ficial cultures found in long threads. Flagella on tlie side. 

Propertiea,— They are very motile ; they take the aailine dyes 
less deeply than some similar bacilli. Spores have not yet been 
found; small oval spjices appear in some of the degenerated 
bacilli just at one end, but ^ese bacilli are less resistant than 
those without this so-called spore ; they do not liquefy gelatine. 
Pio. GG. Fis. SB. 
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&roath, — They are facultative aneerobic ; grow beat at 37*^ 
C, but can also develop at ordinary room temperature. All 
nutrient media can be used as culture ground. They develop 
chiefly od the surface, and very slowly. 

Colonies oii Qelaline Plales.^Tvio forms ; the ones near the 
surface spread out like a leaf, transparent with bluish fluor- 
escence. The deeper ones resemble whetstone crystals of uric 
acid, with the same yellowish tinge. 

In five days thej' allaia to 3 millimetres in diameter. 

On Potato GdaliM.~The colonies do not have the yellow 
color, they are transparent, later on they become dark brown 
with green iridescence. 

Stab Cuft ures.— Mainly on the surfece a pearly layer. 

lAroke Cultures. — A transparent thick layer. 

Jfotato.— The growth here is quite characteristic At 37° C, 
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in 48 hours a moist transparent film is formed over the whole 
surface, but so transparent that it can hardly be seen without 
close observation. If a small portion of this is placed under a 
microscope, it will be seen swarming with bacilli. 

The growth never becomes more prominent ; the potato must 
have a neutral or acid reaction. 

Milk. — They grow very well in milk without producing any 
visible changes in its composition. 

CarholizedrGelati'ne.—GeVAime which has added to it y\j per 
cent, carbolic acid will allow the typhoid bacillus to develop, 
other similar bacilli being destroyed. 

Glucose Gelatine. — In glucose gelatine no gas-production. Indol 
is likewise not generated by the typhoid bacillus, whereas it is by 
the colon bacillus. 

Staining. — Colored with the ordinary aniline dyes, when they 
are warmed ; since they are easily decolorized, acids should be 
avoided. 

Gramas method is not applicable. Tissue sections stained as 
follows : — 

Alkaline blue 1 hour. 

Alcohol 5 seconds. 

Aniline oil 5 minutes. 

Turpentine oil 1 minute. 

Xylol and Canada bals. 

Such a specimen should first be examined with low power, to 
focus little colored masses, then examined with immersion lens ; 
these masses will be found composed of bacilli. 

Similar Bacteria. The Neapolitanus bacillus of Emmerich or 
fceces bacillus of Brieger resembles the typhoid bacillus in many 
ways, the colonies being the same and its structure similar. 
But the growth on potato is very different; a thick, yellow, 
pasty layer is formed thereon. 

The colon bacillus not only resembles the typhoid germ in 
form, but also in some of the pathologic processes produced. 

In Water. Bacilli have been found which also resemble 
typhoid bacilli, and one must be very careful not to make any 
positive statement. 

ExaminaXim of Water for TyphoiA Bacilli.— Wh%n a water is 
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supposed to contain typhoid bacilli, 500 c.cra. of the same is 
mixed with 20 gtts. of :J-per cent, carbolic acid, which destroys 
many of the saprophytes. 

Plates are then made as described under Water Analysis. 

Those colonies which then form and have a tendency to liquefy, 
are touched on second day with permanganate of potassium, 
and when so colored, destroyed with bichloride of mercury. 

Those that now develop are transferred by inoculation to fresh 
plates. At the end of eight days they are examined under 
microscope ; every colony not possessing motile bacilli is dis- 
carded. The motile bacilli are tested with Gram's metliod of 
staining ; those that do not take the stain are alone retained. 
Cultures are made from these upon potatoes, and, if the char- 
acteristic growth occurs, then only can they be called typhoid 
bacilli with any certainty. 

Pathogenesis. — Lower animals have not yet been given enteric 
fever, though their death has been caused by injection of the 
bacilli into the veins of the ear. 

In man it has been found in the urine, blood, sputum, milk, 
intestinal discharges, roseolar spots, and in various organs, as 
spleen, liver, lymphatic glands, and intestinal villi. 

It is found in secretions several days after the attack has sub- 
sided. It is found only in this disease, and regularly. 

Way of Infection,— The bacilli in the dejecta of the diseased 
person find their way into drinking water, milk, or dirty clothes, 
and so into the alimentary tract of a person predisposed to the 
disease. They enter the blood through the lymphatics, and so 
become lodged in various organs. 

Products, — Brieger found a ptomaine in the cultures which he 
named typhotoxin with the formula CyH^NO.^. It has no 
specific action. A toxalbumen insoluble in water has also been 
isolated, but, as experiment animals are immune to the disease, 
no definite actions have yet been determined. 

The cultures, when old, show an acid reaction. 

Bacillus Neapolitanus. (Emmerich.) 

Origin. — During the cholera epidemic in Naples, in 1884, 
Emmerich found this bacillus in the blood and intestinal dis- 
charges of cholera-sufiering patients. He supposed it to be the 
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real cause of cholera ; but since then it has been shown to be 
notliing more than the Foeces bacillus which Brieger described, 
and which is found in faeces of healthy persons, in the air and 
various putrefactive processes. 

jPorm.— Very much like the typhoid bacillus, short rods with 
rounded ends with oval spaces in them as the typhoid. 

Properties, — Immobile, differing thus markedly from typhoid. 
Do not liquefy gelatine. 

Growtfi. — They are facultative anaerobic ; they grow more 
rapidly than the typhoid, and endure cold and heat better than 
they do. 

Colonies, — They are exactly the same as typhoid— the same 
whetstone-shaped deep ones and the leaf-shaped surface ones. 

Potato, — A thick yellow-brown pasty layer is formed instead 
of the transparent almost invisible growth of the typhoid 
bacillus. 

Staining. — Do not take Gram. Fuchsin stains them easily. 

PatJiogenesis, — When large quantities injected into guinea- 
pigs, they die at times, sometimes with intestinal symptoms, 
sometimes without. 
/ Bacillus Coll Communis. (Escherich.) 

Pound in human feces, intestinal canal of most animals, in 
/pus and water. 

i'brrri.— Short rods with very slow movement, ollen associated 
[ in little masses resembling the typhoid germ. 

Properties, — Does not liquefy gelatine, causes fermentation in 
saccharine solutions in the absence of oxygen, produces acid 
fermentation in milk. 

Orowth.—On potato a thick, moist, yellow-colored growth. 
Very soon after inoculation on gelatine a growth similar to 
typhoid. It can also develop in carbolized gelatine, and with- 
stands a temperature of 45^ C. without its growth being de- 
stroyed. 

Paf/iogfewesis.— Inoculated into rabbits or guinea-pigs, death 
follows in from one to three days, the symptoms being those of 
diarrhoia and coma; after death tumefactions of Peyer*s patches 
and other parts of the intestine ; perforations into peritoneal 
cavity, the blood containing a large number of germs. 
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Staining. — Ordinary stains; do not take Gram. 

Site.— The bacillus has been found very constant in acute ( 
peritonitis and in cholera nostra. Its presence in water would \ 
indicate fecal contamination. 

The growth on potato^ the effect on animals, and its action to- 
wards milk are points of diftference from the typhoid bacillus. 

Points of Resemblance between BaciUus Typhi and Ba^cUhis (Joli 
Communis, — 1. Microscopic appearance; 2. Agar and gelatine 
cultures ; 3. Sometimes growth on potato the same ; 4. Staining 
peculiarities ; 5. Resistance to carbolic acid. 

Points of Difference, — 1. Bacillus coli communis coagulates 
milk ; B. typhi does not ; 2. B. coli generates gas in a few hours 
in glucose and peptone solutions; B. typhi does not; 3. B. coli 
produces indol. 

8 
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CHAPTER III. 

PATHOOENIO BAOTEaiA — O0NTIN17ED. 

SpirUlam Cholera. (Koch.) Comma badlha of cholertx. 

j Origin.— Koch, as a member of the German expedition Bent 

' to India, in 1883, to study cholera, found this micro-organism 

in the intestinal contents of cholera 

Via. 67. patients, and by further experiment* 

identified it with the diaease. 

Form.— The microbe as seen ordi- ■ 
narily appears as a short, arc-like body, | 
about half the ^ize of a tnbercte bacillus, 
but when seen in large groups, spirals 
are formed, each little arc appearing 
then as hut a segment, a vibrio; each 
an is about three times as long as it 
Onanu. bacillus, pure cat- is broad, and poBSesses at each end fla- 

ture. eoOdlameteiB. j,g^ ^ 

Properties.— They are very motile ; * 
liquefy gelatine. They are easily affected by beat and dryness. 
Spores hare not been found, though some (Hiippe) dalm arlhro- 
ipores. 

Orovilh. — Develops at ordinary temperatures on all nutrient 
media that have an alkaline or neutral reaction. Tliey are 
facultative anterobic. 

Golmiiea, gelatine.— Aitec 24 hours, small white points which 
gradually come to the surface, the gelatine being slowly lique- 
fied, a funnel-shaped cavity formed holding the colony in its 
narrow part, at the bottom, and on the fifth day all the gelatine 
is liquid. If the colonies of three days' growth are placed under 
microscope they appear as if composed of small bits of frosted 
glass with sbaip irregular points. 
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Sab Ciilfure.— After 30 hours a growth can be distinguished 
along the needle track, and on the Burikce a little cavity has 
been formed, filled up by a hubble of air, and this liquefaction 
proceeds until on the sixth day it has reached the sides of tlie 
tube, tapei-Lng, funnel-sbaped to the bottom of the tube. After 
several weeks the spirilla 
are found in little collec 
tiona at the bottom of the 
fluid gelatine In eight 
weeks the bacilh have 
perished. 

Agar.— Stroke cultures 
A shiny white layer lasts 
many months 

Potato. — A yellow honey- 
like transparent layer, if 
the potato is kept at am 
mal heat. 

BmilUm, — A wnnkled 
scum is soon formed in 
bouillon. They live well 
and grow in sterilized mill, 
and sterilized water, re 
maining virulent in the 
latter for many months 

In ordinary water, the bacteria present are destructive to the 
comma baoillus, and they die m a few days 

StuiniTig. — They are colored well with watery aniline solu- 
tions. The flagellacanbewell seen by staining according to the 
flagella stain. 

Pathogenesis.— 'Experitneat animals are not subject to cholera • 
Asiatica, but by overcoming two obstacles Koch has produced ■ 
choleraic symptoms in guinea-pigs. Nicati and Rietsch pre- 
vented peristalsis and avoided the acidity of the stomach juices 
by direct Injection into the duodenum, after tying the gall-duct, 
Koch alkaUnizes the gastric juice with 5 c.cm, of 5 per cent, 
sol. of sodii carbonas, and then injecting 2 grams of opium tinc- 
ture for every 300 grams of weight into the peritoneal cavity 




116 ESSENTIALS OF B ACTXBIOLOGT . 

imralyzea peristalsis. The cholera culture then introduoed 
through a stomach-tube, the auimalB die in forty-eight hours, 
presenting the same aymptonu la the appearance of the iotea- 
tioes as in cholera patients, the serous effusiOD containing great 
numhers of spirilla. 

Manner of Infection in Jfon.— Usually through the alimen- 
tary tract, with the food or drink, the intestinal discharges of 
cholera patients having found entrance into the source of drink- 
ing water. Soiled clothes to fingers, fingers to the mouth, etc. ; 
torpid catarrhal alfection of the digestive tract predisposing. 
The microhe is not found in the blood or any organ other than 
the intestines, the tissue of the small intestines. It is also 
found in the vomit and the intestinal contents. 



Comm* IwciUlu tn muciu, Irota a cue or AsiatiD Fholeri. 

Produds. — '* Cholera red." When chemically pure nitric or 
sulphuric acid is added to nutrient peptone cultures of the 
cholera bacillus a rose-red color is produced. This will not take 
place with other bacilli unless nilrotis (kM is present. The cholera 
hacillus forms nitrites from the nitrates present in the media, 
and also indol. The mineral acid splits the nitrites, setting free 
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nitrous acid, which, with the indol, forms the red reaction. 
This pigment has been isolated and extracted and called 
" cholera red.'''* A ptomaine, identical with cadaverin, and sev- 
eral other alkaloids have been obtained from the cultures. A 
toxalbumen and a toxicpeptone have lately been isolated, but 
no special actions ascribed to them. 

Detection of Cholera Orgarmms in Drinhing-waier, — ^When a few 
bacteria are supposed to be present in fecal matter or drinking- 
water it is best to add a large quantity of the material (200 
c.cm. of drinking-water) to about 10 c. cm. of bouillon, and 
place the mixture for twenty-four hours in an incubator, 
which will cause rapid reproduction, and then the organisms 
can be readily discovered. 

Haffkine has obtained a great reduction in mortality in f 
cholera regions by the use of anti-cholera vaccines as pro- \ 
tective and curative measures. 

Bacteria Similar to the Spirillum of Cholera. 
Finkler-Frior Vibrio, or Spirillum FinklerL 

Origin. — Found in the intestinal contents of a.patient suffer- 
ing from cholera Asiatica in 1884, by Tinkler and Prior, who 

thought it identical with the spi- Fio. 60. 

rillum of cholera ; it differs from ^ ^^ 

it, however, in many ways, and ^^^^j^rM-^^h M"^"^^ 

has been found in healthy per- 1'^^^iH^' ^) 

sons. ^'^'n^t'' '>4^^ 
i'brwi.— Somewhat thicker than ^ '^^{vi 

the cholera vibrio ; but forms the ^^vi^^ 

long spirilla less often. Has flor tfrl' 

geUa. * 

Properties. — It is very motile. Spirillum Finkleri 700 diameters. 

Liquefies gelatine in a short time. (Fiagge.) 

Qrotuth.— It grows quickly at 
ordinary room temperature. It is facultative serobic. 

Colonies on Gelatine Plates,— B.ouud, finely granular colonies, 
which in twenty-four hours are ten times as large as the cholera 
colonies, and in forty-eight hours the whole plate is liquefied, 
it being then impossible to distinguish any separate colonies. 
The microscopic appearances in no way resemble the cholera 
colony. 
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Slab Oultvres. — The gelatine is liquefied from above down- 
wards, like a Blocking in appearance, and in three days is com- 
pletely liquid. 

„_ ei Potato.— At ordinary temperature a 

thick gray layer covering the whole but- 
&ce. 

Waler. — It soon perishes in water. 
iStotJittii;.— Ordinary aniline dyes. 
PaUiogenesis.—YoT man it has no spe- 
cific action. If it ie injected into Guinea 
pigs, prepared as described under the 
cholera hacillue, they die, the intestines 
having a foul odor, and the hacilli then 
found in great numbers. 
Spirilliun Tyrc^enam. (Deneke.) 
Origin.— Id 1885 Deneke found in old 
cheese a spirillum vei^ Bimilar in appear- 
ance to the cholera Bpirillum. 

Jbrm The same as the cliolera vihrio. 

Properties. —Very motile, liquefy gela- 
tine. 

Growth. — They grow quicker than the 
cholei-a, and slower than the Finkler; 
they are also facultative aerobic. 

Colonieg. — At first resemble cholera col- 
onies; have, however, a yellow-green iri- 
ore irregular ; also grow more rapidly. 
Stab OvMurea. — A thick line along the needle-track and yellow 
colonies forming at the bottom, on the surface a bubble of air 
similar to the cholera. The gelatine is liquid in two weeks. 

Potato. — ^t brood-heat a thin yellow membrane, but not 
always constant. Staining, aa cholera bacillus. 

PatJiiogenesAs. — When injected into animals prepared as for thv 
cholera bacillus, a certain number die. 
Vibrio HetscimikoTi (Gamaleia.) 

Origin. — lu the intestines of fowls Bufi'ering from a gat^tro- 
enteritis, common inBussia. Gamaleia found a spirillum which 
bears so close a resemblance to the cholera baciUus, both in form 




b Culture. (Finkler- 
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aud growth, that it cannot be distinguished by these character- 
istics alone. 

Ibrm, — As cholera bacillus. 

Ghrmoth. — Two kinds are found on the gelatine plate— one that 
is identical in appearance with the cholera colony, the other more 
liquefying, resembling the Tinkler spirillum. If now a second 
plate be inoculated from either one of these forms, both kinds 
again are found grown, so that it is not a mixture of two bacillL 

Stab Culture, — Similar to the cholera growth, a trifle faster in 
growing. Staining, as cholera. 

Pathogenesis. — To differentiate it from cholera, these bacilli, 
when injected into animals, prove very fatal, and no especial 
precautions need be taken to make the animal susceptible. In 
the pigeon, guinea-pig, and chicken it produces a hemorrhagic 
oedema, and a septicsemia which has been called " Vtbrion 
septicoemia,''^ The blood and organs contain the spirilla in 
great numbers. 

Products, — The nitrites are formed just as in cholera bacillus, 
and the red reaction given when mineral acids added to gelatine 
cultures. Certain products also which, when injected, give 
immunity. The cultures are first heated for one half hour at 
KXP C, which destroys the germs, and then this sterilized pro- 
duct injected. (5 c.cm. of a five days' old sterilized culture.) 

In a couple of weeks 1 to 2 c.cm. of the infected blood can be 
injected without causing any fatal result. 

A great many more spirilla resembling the spirillum of chol- 
era have been isolated from drinking-waters in the past few 
years, and some bacteriologists are inclined to consider them 
as varieties of the true cholera spirillum which require only 
certain conditions to make them pathogenic. Among these, 
besides those already described, are Spirillum Berolinesis, S. 
Dunbar, S. Danubicus, S. Wernicke, S. Bonhofi*, S. Weibeli, S. 
Milleri, S. Aquatilis. The last two are non-pathogenic for ex- 
periment animals. 

Bacteria of Fnenmonia. Two forms of bacteria have been 
found in this disease, and thought at difierent times to be the 
cause of the same. 

Neither one of them is constant in pneumonia ; and since 
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many other pathological processes have shown them they can 
hardly he set down as the sole cause of pneumonia. 

Klehs in 1875 called attention to the presence of hacteria in 
pneumonia, and in 1882 Friediander developed a bacillus from 
the lung tissue of a pneumonic person, which he thought was a 
coccus, and called it pneumococcus. 

In 1886 A. Frankel and Weichselbaum proved that this 
microbe was not constant, in fact was rare. 

A. Frankel obtained in the majority of cases of pneumonia a 
microbe that he had described in 1884 under the name of 
sputum-septicsemia micrococcus. 

Weichselbaum called it "Diplococcus pTieurruyniaf" and be- 
lieved it to be the real cause of pneumonia. It has been found 
in many other serous inflammations, and also in the mouths of 
healthy persons. 

The pneumo-bacillus of Frankel is found in about three-quar- 
ters of all cases of pneumonia. 

Streptococcus jyyogenes and staphylococcus pyogenes aureus have 
been found in some cases. 

Fio. 62. 






Pneumo-bacillus of Friediander, with capsule. 

Pnenmo-bacilllLS (Pneumococcus). (Friediander.) 

Origin. — In the lung of a croupous-pneumonia person, by 
Friediander, in 1882. 

Form, — Small, almost oval-shaped rods, nearly as wide as 
they are long ; often in pairs, they were at first believed to be 
cocci. In bouillon cultures the rod-form becomes more visible. 
In tissues each bacillus is surrounded by a faint capsule ; but 
not around those developed in artificial cultures. Spores have 
not been found. 

Properties. — They are immobile ; do not liquefy gelatine. A 
gas is produced in gelatine cultures. 
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Fig. 63. 



Growth,— Grows rapidly on all media at ordinary temperature ; 
is facultative aerobic. 

Oolonies, — On gelatine plates. Small white round colonies, 
reaching the surface in the course of three or four days ; appear- 
ing then as little buttons, with a porcelain-like shimmer, the 
edges smooth. • 

Stab Culture, — A growth along the needle-track, but on the 
surface a button-like projection, which gives to the growth the 
appearance of a nail driven into the gelatine^ 
its head resting on the surface ; therefore 
such cultures are called "JVdi7 cultures, ^^ 
See Fig. 63. Old cultures are colored brown, 
and contain bubbles of gas. 

Potato,— A yellow, moist layer in a few 
days at brood -heat. Gas bubbles develop. 

Staining,— The ordinary aniline stains. 
The sections do not take Gram's method ; 
are therefore not suited for double staining. 

Capsule, — Stained as follows : — 

Cover glasses, 

1. Acetic acid, two minutes. 

2. Allow acetic acid to dry by blowing air 
upon it through a glass tube. 

3. Saturated, aniline water. Gent, violet, 
ten seconds. 

4. Kinse in water. Mount in Canada balsam. 
For Sections, 

( cone. ale. gent, violet, 50.0 
1. Stain in warm-j aqua, 100.0 

' acetic acid, 10. 

for 24 hours. 

2. Rinse in one per cent, acetic acid. 

3. Alcohol to dehydrate. Mount in balsam. 

The capsule will be found stained a light blue, the bacillus a 
deep blue. 

Pathogenesis, — Animals are not aflfected unless the culture is 
injected intrapleura. 




Bacillus of Pneumo- 
nia. Stab Culture. 
{Nail Culture.) 

M. 
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pnemnobacUlius of Frankel. (A. Frankel and Weichselbaum.) 

i^;nonj/ms.— PneumoeoccuB ; Diplococcus of Pneumonia ; Mi- 
crococcuB of sputum septictemia ; Micrococcus Pasteuri ; Diplo- 
coccus lanceolatus. 

Origin.— A, Frankel found it in the sputum of pneumonic 
patients, thioking it at first to be the micrococcus of sputum 
septicaemia ; later he believed it to be the cause of pneumonia. 

Farm.— Oval cocci they were at first called, but they are now 
known to be rod-shaped, being somewhat longer than broad ; 
varying, iiowever, much in size and shape. Usually found in 
pairs, souietimea in filaments of three and four elements. In 
the material from the body a capsule surrounds ea«b rod. In 
the artificial cultures this is not found. 




Properties. — They are without self-nioven[ient; do not liquefy 
gelatine. There are no spores. 

GroioiA.— Grow only at high temperature, 35° C. ; are facul- 
tative amerohic. The culture media must be slightly alkaline ; 
the growth is slow. 

Colonies on Gelatine Plates.— Since the temperature must be 
somewhat elevated, the gelatine media need to be thicker than 
usual (16 per cent, gelatine), in order to keep it solid, and a 
temperature of 24^^ C. used. Little round white colonies, some- 
what granular in the centre, growing very slowly. 
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Stab Cultures. — Along the needle-tracTc small separate white 
granules, one above the other, like a string of beads. 

Stroke Culture. — On agar, transparent, almost invisible little 
drops resembling dew moisture. 

Bouillon. — They grow better here than in the other media, 
remaining alive a longer period of time. 

Stainhvg.—Tsikes Gram's method and the other aniline stains 
very readily. The capsule stained the same way as that of the 
Friedlander bacilltts. 

Pathogenesis. — Rabbits and guinea-pigs, if subcutaneously in- 
jected, die in the course of a couple of days with septicsemia. 
(0.1 c.cm. of a fresh bouillon culture suffices.) 

Autopsy shows greatly enlarged spleen and myriads of bacilli 

in the blood and viscera, the lungs not especially affected. If 

injected per trachea, a pneumonia occurs. In man in 90 per 

cent, of croupous pneumonia they are found and usually only 

during the existence of the " prune juice" sputum, i. c, the first 

stage. 

Fig. 65. 
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Micrococcus tetragenus in sputum (tubercle bacillus also). 

They have also been found in pleuritis, peritonitis, pericarditis, 
meningitis, and endocarditis. They stand in some intimate re- 
lation with all infectious inflammations of the body. Their 
presence in healthy mouth secretion does not speak against 
this, it requiring some slight injury to allow this ever-present 
germ to develop into disease. 
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Anti-toxin of Fnenmonia. (Klemperer. ) 

The injection of very diluted cultures of the virulent bacilli in- 
travenously has produced an immunity in rabbits and guinea- 
pigs. The serum of such artificially immune animals when filtered 
through a Chamberland filter and injected into a rabbit sufler- 
ing with pneumonia, cured the same ; or when injected into a 
susceptible animal produced in it immunity very quickly. This 
principle is ascribed to an anti-toxin formed in the tissues by 
the diluted proteids, and this anti-toxin neutralizes the toxicity 
of the strong virus. 

Bacillns of Bhinoscleroma. (Frisch. 1882.) It was found in 
the tissue of a rhinoscleroma, but resembles the Friedlander 
bacillus in nearly every respect, and as the disease rhinoscleroma 
was not reproduced by the inoculation of the bacillus in animals, 
it can be considered identical. The growth, cultures,' and pro- 
perties are the same as the pneumobacillus of Friedlander. 

Weichselbaum claims to have found a special diplococcus in 
epidemic cerebro-spinal meningitis, which differs in a few re- 
spects from the pneumococcus of Frankel. It does not take 
Gram's stain, does not affect animals when injected subcutan- 
eously, and when found in the exudate of the meninges lies in 
the protoplasm and nuclei of the leucocytes. He calls it Diplo- 
coccus intracellularis meningitidis. 

Micrococcus Tetragenus. (Koch. Gaffky). 

Origin, — Koch found this microbe in the cavity of a tuber- 
culous lung. Gaffky, in 1883, studied its pathogenic actions 
and gave it the name it now bears. 

Form. — Cocci which are gathered in the tissues in groups of 
four, forming a square, a tetrad. See Fig. 65. In artificial 
culture, sometimes found in pairs. A capsule of light gelat- 
inous consistence surrounds each tetrad. 

Properties. — They are immobile ; do not liquefy gelatine. 

Grotuth. — ^They grow well on all nutrient media at ordinary and 
brood temperatures ; are facultative aerobic. They grow slowly. 

Cobnies in gelatine plates. In two days, little white spots, 
which when on the surface form little elevations of a porce- 
lain-like appearance; under low power they are seen very 
finely granulated. 
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Fia. 66. 
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Stab OuUure. — Small round separated colonies along the 
needle-track, and on the surface a button-like elevation, a 
form of " nail culture." See Fig. 66. 

Potato. — ^A thick slimy layer which can be 
loosened in long shreds. 

Staining. — Colored with the ordinary ani- 
line stains. Gram's method also applicable. 

Pathogenem. — White mice and guinea-pigs 
die in a few days of septicaemia when injected 
with the tetragenus cultures, and the micro- 
coccus is then found in large numbers in the 
blood and viscera. Field mice are immune. 

In the cavities of tubercular lungs, in the 
sputum of phthisical and healthy patients, it 
is often found, but what action it has upon 
m.an has not yet been determined. 

Capsule Bacillus. (Pfeifier. ) 

Origin. — Stringy exudate and blood of a 
dead guinea-pig. 

Form. — ^Thick little rods, sometimes in long 
threads. Large oval capsules in the stained 
preparations. 

Properties. — Immotile, not liquefying, an 
odorless gas in gelatine cultures. 

Growth. — At ordinary temperatures, rap- 
idly; facultative anserobin. 

Gelatine Plates. — Oval points, and like a por- 
celain button on the surface. 

Stab OuUures. — Like the pneumonia bacillus 
of Friedlander. 

Potatoes. — Abundant growth, yellow color 
and moist, coming off in strings. 

Staining. — Hotfuchsin colors the capsule intensely; carefully 
decolorizing with acetic acid, the capsules are red or light violet 
around the deeply-tinged bacillus. Gram's method not applic- 
able. 

Pathogenesis. — Subcutaneously injected in mice, they die in 
48 hours. Rabbits die when a large quantity is injected into 



stab Culture. 
Micrococcus tetrar 
genus. 
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the circulation. The blood and juices have a peculiar stringy, 
fibrinous consistence. 

EacilloB of Influenza. (Pfeiffer.) 

A small bacillus about one-half the size of the bacillus of 
mouse septicsemia, and arranged in chain-form. It develops 
upon blood-serum agar. It is aerobic. Without movement; 
does not take the gram stain. It is best stained with diluted 
carbol-fuchsin, the contrast-stain being Loffler's methylene- 
blue. Upon glycerine agar in an incubator at the end of 
twenty-four hours a very delicate growth occurs, which is like 
condensed moisture. It is found in the sputum and in the 
bronchial and nasal secretions of influenza patients, but cannot 
be said to be the cause of influenza. 

Hicro^rg^anifflBB of Suppuration. The suppuration of wounds 
is due to the presence of germs. The knowledge of this fact is 
the basis of the antiseptic treatment in surgery ; for when the 
microbes can be destroyed or their entrance prevented, the 
wounds are made clean and kept without suppurating. Vari- 
ous forms of bacteria have been found in septic processes, and 
the formation of pus cannot be ascribed to any particular one 
alone ; some, more common than others, are found in nearly all 
forms of suppuration ; others give rise to special types. 

Wounds are often irritated by foreign bodies and chemicals, 
and a discharge occurs in them even when every aseptic and 
antiseptic precaution has been taken ; but such a discharge is 
free from bacteria, and no more like pus than a benign growth 
is like a malignant one. 

Streptococcus Pyogenes. (Rosenbach.) Streptococcus erysipe- 
latis. (Fehleisen.) 

Ongtn.— Fehleisen discovered this microbe in the lymphatics 
of the skin in erysipelas, and he thought it the cause of the 
same. Under the name streptococcus pyogenes, Bosenbach 
described an identical coccus which has been found in nearly 
all suppurative conditions. 

Fyrm, — Small cocci singly and in chain-like groups. Spores 
have not been found, though it is supposed because of their 
permanency that spores are present. 

Properties,— They are immotile, do not liquefy gelatine. 
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Growth. — ^They grow slowly, usually on the surface, and best 
at higher temperatures. 

Colonies. — In three days a very small grayish speck, which 
hardly ever becomes much larger than a pin-head ; under micro- 
scope, looking yellowish, finely granular, the edges quite defined. 

Fig. 67. 




Streptococcus pyogenes in pus 1000 X* (FrSukel and PfeifTer.) 

Stab Oultures. — Along the needle-track little separated colonies 
like strings of beads, which after a time become one solid white 
string. 

Stroke Culture, — Little drops, never coalescing, having a bluish 
tint. 

Potato, — No apparent growth. 

Bouillon, —At 37° C. clouds are formed in the bouillon, which 
then sink to the bottom, and long chains of cocci found in this 
growth. 

Staining. — Easily colored with the ordinary stains. Gram's 
method is also applicable. 

Pathogenesis, — Inoculated subcutaneously in the ear of a 
rabbit, an erysipelatous condition develops in a few days, 
rapidly spreading from point of infection. 

In man, inoculations have been made to produce an efiect 
upon carcinomatous growths. Erysipelas was always produced 
thereby. When it occurs upon the valves of the heart, endo- 
carditis results. Puerperal fever is caused by the microbe in- 
fecting the endometrium, the Streptococcus puerperalis of Frsixikel 
being the same germ. 

In scarlatina, variola, yellow fever, cerebro-spinal menliv^vtvi^ 
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and many gimilor diseases, the microbe haa been an almost con- 
stant attendant. 

In erysipelas tlie cocci reside in the lymphatic glands and 
duets. They have not been found in the blood. In air, soil, and 
putrefying matters they have been often discovered. 

Btaphylococcoa Pyogenes Anrens. (Bosenbach.) 



Fig. 68. 




iphyloeoccua pyogenes sureug iD pga 1000 X- (Frinkel Bod Pfelffer.) 



Origin. — Found commonly in pus {80 per cent, of all suppura- 
tions), in air, water, and earth ; also in sputum of healthy persons. 

Farm. — Micrococci in clusters like bunched grapes, hence the 
name staphylo, which means si^pe- They never form chains. 
Spores have not been found, though the cocci are very resistant. 

Prqperfiea, — Without movement ; liquefying gelatine. It gives 
rise to an orange-yellow pigment in the various cultures. 

Growth. — It grows moderately fast at ordinary temperature, 
and can Uve without air, a facultative terobin and anierobin. 

(Jolunies on Qel<iti»e.—OQ second day small dots on the surface, 
coutaining in their centre an orange-yellow spot. The gelatine 
all around the colony is liquefied ; the size is never much greater 
than that attained the second day. 

CoUmieg on Agar.— The pigment remains a long time. 

SUib CMture. — At first, gray growth along the track, which, 
after three days, has settled at the bottom of the tube in a yel- 
low granular mass, the gelatine being all liquid. 

Strokf^ OuUure on Agar. — The pigment diffused over the sur- 
face where the growth is, in moist masses. 

Potato. — A thin white layer which gradually becomes yellow 
and gives out a, doughy smell. 

Staining. — Very readily colored with ordinary stains ; also 
with Gram's method. 
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Pathogenem. — ^When rabbits are injected with cultures of this 
microbe into the knee-joint or pleura, they die in a day. If 
injected subcutaneously, only a local action occurs, namely, 
abscesses. 

If directly into circulation, a general phleg- 
monous condition arises, the capillaries be- 
come plugged with masses of cocci, infarct 
occur in kidney and liver, and metastatic ab- 
scesses form in viscera and joints. Garr6, by 
rubbing the culture on his forearm, caused 
carbuncles to appear. 

Fracturing a long bone in an animal and 
then injecting the staphylococcus into a large 
vein, as the jugular, will produce osteomye- 
litis. Becker isolated this microbe from sev- 
eral cases of osteomyelitis, and thought it a 
specific germ, giving it the name of " micro- 
coccus of osteomyditis" 

Suppuration is nearly always produced by 
this microbe, and it is found in the majority 
of suppurative processes. 

Micrococcus Pyogenes Albus. (Rosen- stab culture. Micro- 
bach.) Similar to the pyogenes aureus, ex- ^^''^^^^^g*®"^ 
cept that it does not form a pigment. 

Micrococcus Pyogenes Citreus. (Passett.) This liquefies gel- 
atine less rapidly than the pyogenes aureus, and forms a citron- 
yellow pigment instead of the orange-yellow of the aureus. 

Microcoocas Cerens Albas. (Fassct.) Differs from the pyo- 
genes albus in the form of colony. A white shiny growth like 
drops of wax ; hence the name cereus. It was found in pus, but 
gave no action in animals. 

Micrococcus Cereus Flavns. (Passet.) A lemon-yellow 
colored growth after a short time, otherwise not differing from 
cereus albus. 

Microcoocas Pyogenes Tenuis. (Kosenbach. ) 

Origin,— Found in the pus of large inclosed abscesses. 
Fomi, — Cocci, without any especial arrangement. 
Properties. — Not much studied. 
9 
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Ororvth, — Cultivated on agar, it forms clear thin colonies; along 
the needle-track an opaque streak, looking as if varnished over. 

Badllns Pyocyaneus. (Gessard. ) 

Synonyms, — ^Bacterium seruginosum, bacillus fluorescens. 
(Schroter.) The bacillus of bluish-green pus. 

Origin. — Found in 1882 in the green pus in pyocysemia. 

Ibrm, — Small slender rods with rounded ends, easily mistaken 
for cocci. Often in groups of four and six, without spores. 
/ Properties,— Yery motile ; liquefy gelatine rapidly ; a peculiar 
sweetish odor is produced in the cultures, and a blue pigment. 

Orowth, — Develops readily at ordinary temperature, growing 
quickly and mostly on the surface ; it is aerobic. Colonies on gelor 
tine plate, in two or three days a greenish iridescence appears 
over the whole plate, the colonies having a ftmnel-shaped lique- 
faction, and appearing under low power when still young, as 
yellowish green, the periphery being granulated. 

Stab Ouliures, — Mainly in upper strata, the liquefaction ftmnel- 
shapcd, the growth gradually settling at the bottom, a rich green 
shimmer forming on the surface, and the gelatine having a deep 
fluorescence. 

Potato, — The potato is soaked with the pigment, a deep fold 
of green occurring on the surface. 

Staining, — With ordinary aniline dyes. 

Pathogenesis, — When animals are injected with fresh cultures 
in the peritoneal cavities or cellular tissues, a rapidly spreading 
oedema with general suppuration develops. The bacilli are 
found in the viscera and blood. 

If a small quantity is injected, a local suppuration occurs, and 
if the animal does not die it then can withstand large quanti- 
ties. It is immune. 

The PigmenU Pyocyanin, — When the pus, bandages, and 
dressings containing the bacillus pyocyancus are washed in 
chloroform, the pigment is dissolved and crystallizes from the 
chloroform in long needles. It is soluble in acidulated water, 
which is turned red thereby, and when neutralized the blue color 
returns. It has no pathogenic action. It is an aromatic com- 
pound. The bacillus has no especial action on the wound, and 
is found sometimes in perspiration of healthy persons. 
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Bacillus Fyocyanens. |3. (Ernst.) A bacillus found in gray- 
ish pus-colored bandages. 

The only especial difference between this and the above is the 
formation of brownish-yellow pigment instead ofpyocyanin. The 
form and appearance of cultures otherwise the same. 

Micrococcus OonorrhOBa. Gonococcm. (Neisser.) In 1879 
Neisser demonstrated the presence of this -pio, 70. 

germ in the secretion of specific urethritis. 

Form, — Cocci, somewhat triangular in 
form, found nearly always in pairs, the base ^^ 

of one coccus facing the base of the other, 
and giving the appearance of a Vienna roll, ^.s^. 

hence the German name Semmel (roll)-form. -f ' ;., 

Four to twelve such pairs are often found i}'?^ 

together. '**•'' 

Properties, — No movement of their own. 

Oulture. — On gelatine-agar or potato they Gonococci in gon- 
do not grow, and only upon human-blood orrhoeai pus. Ani- 
serum have they given any semblance of a !i^' ^'^^^/^ r'**^^*- 
growth. The temperature must be between 
33® and 37° C, and the growth occurs very slowly and 
sparsely. 

Method of OuUivation (Wertheim).— Gonorrhoeal pus is mixed 
in a test-tube with liquid human blood serum of 40° C. temper- 
ature, and two dilutions are made with blood of the same tem- 
perature. An equal quantity of 2 per cent, agar solution is 
now poured into each tube, and three glass dishes are covered 
at once with this mixture. After being in the brood oven for 
twenty-four hours colonies can be discovered. 

In three days a very thin, almost invisible, moist yellowish 
growth, seemingly composed of little drops. 

Under low power small processes are seen shooting out from 
the smooth border. 

It requires to be then transferred to fresh media, as it quickly 
perishes. 

Cultivation has also occurred on acid gelatine, gelatine con- 
taining acid urine, and in acid urine itself 

Staining, — Colored easily with all ordinary aniline stains. 
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Gram's mahod it not appHcable, thie being one of 
diagnostic features. 
The following method ie leoommended by Neisser. 




The cover-glasses, with some of the urethral discharge smeared 
upon them, ate covered with a few drops of alcoholic solution of 
eosin and heated for a few minutes over the flame. The excess 
of the dye is removed with filter paper, then the cover-glass 
placed in concentrated meUiyltn blue (alcoholic solution) for 1.5 
seconds, and rinsed in water. 

The gonococci are dark blue, the protoplasm of the cell pinic, 
and the nucleus a light blue, the gonococci lying in the proto- 
plasm next to the nucleus. 

Other bacteria ate similar to the gonococci in form ; they are 
distinguished IVom the gonococcus, in that they are colored with 
Gram's method, wliereas the micrococcus of gonorrbtea is not. 
Therefore it is always necessary, after having Grst found these 
peculiar-shaped niicrobes, to apply Qram't stain, and if they are 
then not found one can safely say it is the gonococcus. 

Pathogenesis. — The attempts to infect the experiment ani- 
mals with gonorrhcea have so far been without success. In man, 
upon a healthy urethra, a specific urethritis was produced with 
even the 20th generation of the culture. Qomrrhoeal ophiiialmia I 
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contains the cocci in great numbers, and gonorrhoea! rheumatism 
is said to be caused by the lodgment of the cocci in the joints* 

The microbes have been found long after the acute attack, 
when only a very slight oozing remained, and the same were 
very virulent. 

The specific inflammations of the generative organs of the 
female are due to this microbe extending its influence, having 
gained entrance through the vagina. It is found chiefly in the 
superficial layers of the mucous membrane. 

Similar Microbes found in the TTreihra and Vagina. 

Micrococcus Citrens Conglomeratus. (Bumm.) Similar to 
the gonococci in form, they are, however, easily cuUivoUedj and 
form yellow colonies which dissolve the gelatine and grow rap- 
idly ; the surface of the gelatine is at first moist and shiny, but 
later on wrinkled. Colored toUh GrarrCs method, and have no ape- 
dal pathological action. Found in the air and gonorrhoeal pus. 

Diplococcns Albicans Ampins. (Bumm.) In vaginal secretion. 
The diplococci are much larger than the gonococci, but similar 
in form. They are also cultivated upon gelatine plates, grayish- 
white colonies, which slowly liquefy gelatine. They grow mode- 
rately rapid. Stained with Gram's method, and have no 
pathogenic action. 

Diplococcns Albicans Tardissimns. (Bumm. ) 

Origin, — In urethral pus. Form, like gonococci. Properties, 
immotile ; do not liquefy gelatine. Growth, very slow at ordi- 
nary temperature, but more rapid at brood-heat. The colonies 
are small white points, which under low power appear brown 
and opaque. 

Agar Stroke Culture, — Grayish-white growth, which after two 
months is like a skin upon the surface. 

Staining, — Takes Gramas method. 

Pathogenesis. — Kone known. 

Micrococcus Snbflavns. (Bumm.) 

Origin. — In lochial discharges, in vagina and urethra of 
healthy persons. 

Form, — As gonococci. 

Properties. — Not motile ; liquefy gelatine slowly ; a yellow- 
brownish pigment. 
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Grrowth.—GTOvra slowly on all media, forming on gelatine, 
after two weeks, a moist yellowish surface growth. 

Potato.— Small half-moon-shaped colonies which, after three 
weeks, become light-brown in color, and covering the surface as 
a skin. 

Staining, — Colored toith Oram. 

Pathogenesis,— Not acting upon the mucous membrane, but 
when injected in cellular connective tissue, an abscess results 
which contains myriads of diplococci. 

The gonococcas is distinguished from all these similar micro- 
cocci by being found tuuaUy within the cell protoplasm. 

Secondly, — Not stained with Gramas method. 

Thirdly. — Bef using to grow readily upon gelaiine. 

All the similar bacteria being easily cultivated. 

These characteristics, taken in toto, form sufficient features for 
its ready recognition, and as it is often a serious question to 
decide, not so much because of the patient's health as because 
of his character, we should be very careful not to pronounce a 
verdict until we have tested the micro-organism as above. When 
the germ so tested is found, the process can be called specific 
without a doubt, 
\ Bacillus of Tetanus. (Kicolaier-Kitasato.) 

Origin, — Nicolaier found this bacillus in the pus of a wound 
in one who had died of tetanus, describing it in 1884. 

Kitasato has since then been able to isolate and cultivate this 
germ. (1889.) 

> Form, — A very delicate, slender rod, somewhat longer than 
the bacillus of mouse septicsemia, which is the smallest bacillus. 

When the spores form, a small swelling occurs at the end 
where the spore lies, giving it a drum-stick shape. 

Properties.— !N"ot very motile, though distinctly so ; liquefies 
gelatine slowly. The cultures give rise to a foul-smelling gas. 

Groi/?t^.— Develops very slowly, best at brood-heat (360 to 38^ 
C), and only when all oxygen is excluded, an obligatory anoero- 
bin. In an atmosphere of carbon dioxide gas it cannot grow, 
but in hydrogen it flourishes. 

Colonies on gelatine plates in an atmosphere of hydrogen. 
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Small colonieB, After four days a thiuk centre and radiating 
wreath-like periphery, like the colonies of bacillus eubtilis. 

Sigh Slab-Culture. — (The gelatine having 2 per cent, glucose 
added and filling the tuhe.) Along the lower portion of the needle- 
track, a thoniy-like growth, little needle-like points shootiiig 
out from a straight line. The whole tube iMtcoiues clouded as 
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Bacillui or Tetanus witb spores. 

the gelatine liquefies, and then the growth settles at the bottom 
of the tube. 

Agar. — At brood-heat, on agar, the growth is quite rapid, and 
at the end of forty-eight hours gas bubbles have formed and the 
growth nearly reached the surface. 

Bouillon. — Adding glucose to the bouillon gives a medium in 
which an abundant growth occurs. 

OuUivalion from Spores. — Kitasato, by exposing a portion of sus- 
pected material to a temperature of 80° C. for one hour, killed off 
all the spores save those of tetanus, which were then cultivated. 

Staining. — All the ordinary stains, Gram's method also; the 
spore? being colored in the usual way. 
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Pathogenesis.— A small amount of the pure culture injected 
under the skin of esperiment auiniala will cause, in two to three 
days, death from true tctauus, tLe tetanic condition starting 



fr. 



from the point of infect! OD. At the autopsy not?iiTur characteristic 

'mal is found, and the bacitU have disappeared, except 

near the point of entrance. This fact is esplaiQcd as follows : 
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Several toxic products have been obtained from the cultures, ■ 
and they are produced in the body, and give rise to the morbid . 
symptoms. These have been isolated, and when injected singly 
cause some of the tetanic symptoms. The virus enters the 
circulation, but does not remain in the tissues. The spores are 
very resistant to heat, drying, and chemicals. 

Four ptomaines (among them tetanin, tetanotoxin, and spas- 
motoxin) and a toxalbumen have been found. The blood and 
the urine contain the toxin and are fatal to animals. 

Immunity. — Kitasato, by inoculation of sterilized cultures, has 
caused immunity to the effects of virulent bacilli. 

An anti-toxin obtained by Tizzoni and Cattani from the serum I 
of animals made immune by sterilized cultures has been used' 
with curative effects in several cases of tetanus in man. It is 
a globulin, but differs from the anthrax anti-toxin, and it is 
found exclusively in the serum. By precipitation with alcohol 
and drying in vacuo, the anti-toxin is obtained in a solid state. 
The aqueous solution is used for injection subcutaneously. 

Habitat, — The bacillus is present in garden earth, in manure ; 
and even from mortar it has been isolated. 

The earth of special districts seems to contain the bacilli in I 
greater quantities than in others. c 

Bacillus CEdematis Maligni. (Koch, 1881.) Vibrion Septique, \ "" 
(Pasteur, 1875.) 

Origin, — In garden earth, found lately also in man, in severe \ 
wounds when gangrene with oedema had developed. Identical 
with the bacillus found in Pasteur's septicseraia. 

Form, — Rods somewhat smaller than the anthrax bacilli, the | 
ends rounded very sharply. Long threads are formed. Very 
large spores which cause the rods to become spindle-shaped. 

Properties. — Very motile ; liquefy gelatine ; do not produce any t 
foul gaseous products in the body. 

Growth. — Grows rapidly, but only when the air is excluded, 
and best at brood or body heat. 

Roll OiiUures. — (After Esm arch's method.) Small, round colo- 
nies with fluid contents, under low power, a mass of motile 
threads in the centre, and at the edges a wreath-like border. 

High Stab- OuUure, — With glucose gelatine, the growth at first 
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seen in the bottom of the tube, with a general liquefaction of 
the gelatine, gases develop and a somewhat unpleasant odor. 

Agar, — The gases develop more strongly in this medium, and 
the odor is more prominent. 

GuineorPig Bouillon, — In an atmosphere of hydrogen cloud- 
ing of the entire culture medium without any flocculent pre- 
cipitate until third day. 

Staining, — Are stained with the ordinary dyes, but Gram's 
method is not applicable. 

Patkogenesis. — When experiment animals, mice or guinea- 
pigs, are injected with a pure culture under the skin they die in 
8 to 15 hours, and the following picture presents itself at the 
autopsy : In guinea-pigs from the point of infection, spreading 
over a large area, an oedema of the subcutaneous tissues and 
muscles, which are saturated with a clear red serous exudate 
free from smell, containing great quantities of bacilli. 

The spleen is enlarged, especially in mice. The bacilli are 
not found in the viscera, but are present in great numbers on 
the surface, i, e., in the serous coverings of the different organs ; 
though when any length of time has elapsed between the death 
of the animal and the examination, they can be found in the 
inner portions of the organs, for they grow well upon the dead 
body. In man they have been found in rapidly spreading gan- 
grene. They are present in the soil, in putrefactions of various 
kinds, and in dirty water. 

Immunity,— Is produced by injection of the sterilized cul- 
tures, and also the filtered bloody serum of animals dead with 
the disease. 

Spirillum of Belapsing Fever. (Obermaier.) 

Syn. Spirochsete Obermaieri. 

Origin, — Found in the blood of recurrent fever patients, 
described in 1873. 

Form,— Jjoug^ wavy threads (16 to 40 /* long), a true spiril- 
lum ; flagella are present. 

Properties.— Very motile. Has not been cultiixited, 

Staining.—Ordin&vy aniline stains. Bismark brown best for 
tissue sections. 

Pathogenesis,— Found in the organs and blood of recurrent 
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fever, Man and monkeye iooculated with blood from one suf- 
fering from this disease become attacked with the fever, and 
in their blood the spirillum is again found. It is found in the 



Cultutei In agar of maligaBiit 
(Edemm, tiler 24 haun, itH7°a 
{Frlnkel and Pfeiffer.) Pfeiffer.) 

blood, only in the relapses (durlDg the fever). After the attack 
the spirilla gather in the spleen and gradually die there. It 
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has been found in the brain, spleen, liver, and kidneys. In the 
secretions it has not been discovered. 

Bacillus MalarisB. (Klebs and Tommaci-Crudeli.) 

Origin. — These two observers found a germ present in malarial 
persons in the blood, which produced an intermittent fever in 
animals which had been inoculated with such blood. They 
also found them in the soil of the Koman Campagna. Very 
little importance is at present attached to this discovery. 

Hsematozoa of Malaria. Certain micro-organisms are found 
in the blood of persons suffering from malaria, and have lately 
been very carefully studied. They do not belong to bacteria, 
being of animal origin ; they are protozoa. 

Synonyms, Hcematonwnas Malarioe (Osier). Plasmodium Ma- 
larice (Laveran). 

Form, — Various shapes have been described, and whether 
they are all of one micro-organism or several distinct organisms 
s not yet definitely settled. They have been found in the cell 
intra'corpuscular^ and outside of the cell extra-corpuscular, 

1st. Bound bodies 1 to 10 fi, in diameter, lying free in the 
serum or hanging on to the blood-plates. They have very lively 
amoeboid movements. 

2d. Flagellated bodies,— ¥\a.ge\\a, on the upper surface of the 
full-grown round bodies. These vary in length and are very 
mobile. They then loosen themselves, and are finally lost. Found 
only in freshly drawn blood. 

3d. Orescent-shaped bodies,— These are cylindrical and usually 
bent sickle-shape. In the centre a black spot formed of little 
granules. Not motile. 

4th. Bosette 6oc?ics. — Kegularly outlined with a collection of 
pigment-granules in the centre. The rosette afterwards divides 
and separates into segments. 

5th. White blood-corpuscies containing melanin, which they 
have digested. 

Outtivaiion of these organisms has not yet been attained. 

Staining and Examination of Blood. — Take the blood of a per- 
son subject to malarial fevers, just before a paroxysm. Having 
first carefully cleansed the finger, a ligature is applied, and the 
drop of blood drawn with a needle, brought on a well-cleaned 
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cover-glass, and immediately covered with a second cover- 
glass. This is now examined with a strong objective (^dry sys- 
tem) by day-light. 

If, now, a stained preparation is wanted, the cover-glasses are 
slid apart, passed three times through the flame, and a concen- 
trated solution of methylin-blue left on for a few minutes. 




Fig. 77. 
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Intra-corpuscular. 
Various Forms of Plasmodia. 







Still better is it to allow a drop of methylin-blue solution in a 
little ascitic fluid to flow slowly on the cover-glass before the blood 
has become dry. The finer structure will then be more plainly 
brought out. Laveran recommends the strong objective of the 
dry system for examining. 

A drop of a watery solution of fuchsin or methylene-blue can 
be placed on the glass slide and a drop of blcTod on the cover- 
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glass, then the cover-glass turned over on to the slide so that 
the two liquids mix, and examined at once. 

Another Method of Staining. — Dry cover-glass in air ; fix in a 
mixture of equal, parts of alcohol and ether for half an hour ; 
dry with filter-paper, and place for half an hour in a weak solu- 
tion of methylene-blue ; transfer to a 2 per cent, alcoholic solu- 
tion of eosin for half an hour. Or the specimen can be stained, 
after fixation, in concentrated watery methylene-blue, 60; one- 
half per cent, eosin solution (75 per cent, alcohol), 20 ; aqua des- 
tillat., 40. — M. Allow to remain for ten minutes; wash in water, 
and mount in xylol balsam. Blood-cells red ; plasma of parasite 
blue ; nucleus of parasite colorless ; nucleolus deep blue. 

Pathogenesis, — These organisms have been found only in ma- 
larial diseases, and constantly malarial paroxysms have been 
produced in healthy persons by inoculation of blood containing 
such organisms. They disappear under the use of quinine. 

Significance, — Presence of the parasite confirms the diagnosis. 
A negative result is not proof of the absence of fever ; in fresh 
infection the parasite is not always found ; several examinations 
are necessary at least three to ten hours before the paroxysms. 

Qolgi finds certain types constant in tertian, and others again 
peculiar to quartan. 

Some, however, hold all these various forms as nothing more 
than changed blood-corpuscles. The impossibility of obtaining 
a pure culture leaves the question still in doubt. 

Chrassi and Feletti claim to have produced in sparrows and 
man, by injection of the blood of malarial persons, malarial 
fever, and found the specific parasites for the different forms. 
The amoeboid or intra-corpuscular give rise to the typical inter- 
mittent fevers. The crescent-shaped extra-corpuscular, produc- 
ing the dumb ague or irregular fever ; four difierent amoebse were 
found. 

Hsemamoeba prsecox produces the quotidian. 
*' vivax " '' tertians. 

" nialarise " " quartans. 
" immaculata " *' quotidian. 
Laverania malarise " *' irregular fever. 

They place them with tJie Ehizopoda. 
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CHAPTER IV. 

BACTERIA PATHOGENIC FOR ANIMALS BUT NOT FOR MAN. 

Bacillus of Symptomatic Anthrax. (Bollinger and Feser.) 

{Charhon symptomatique. Arloing, Cornevin, and Thomas.) 

Origin. — This bacillus, described already in 1879, has only 
lately been isolated, and by animal inoculation shown to be the 
cause of the '* black-leg" or "quarter- evil" disease of cattle. 

Form. — Large slender rods, which swell up at one end or in 
the middle for the spore. 

Properties. — They are motile, and liquefy gelatine quite 
rapidly. 

A rancid odor is developed in the cultures. 

Cultures. — The growth occurs slowly, and only in an atmo- 
sphere of hydrogen, being very easily destroyed by oxygen and 
carbon dioxide ; grows best at blood heat ; under 15^ C. no 
growth. 

Olitcose-gelatme.— In a few days little round colonies develop, 
which, under low power, show hairy processes around a compact 
centre. 

Stab Cultures in full test tubes. — The growth first in the lower 
portion of the tube not very characteristic. Gases develop 
after a few days, and the gelatine becomes liquid. 

Agar at brood temperature, in 24 to 48 hours, an abundant 
growth with a sour odor and abundant gas formation. 

Staining.— Ordina.ry methods. Gram's method is not appli- 
cable to the rods ; but the spores can be colored by the regular 
double stain for spores. 

Pathogenesis. — If a small amount of the culture be injected 
under the skin of a guinea-pig, in twenty hours a rise of tempera- 
ture, pain at the site of injection, and in a few hours more 
death. At the autopsy, the tissues blackened in color and 
soaked with a bloody serous fluid ; in the connective tissue large 
collections of gas, but only in the neighborhood of the point 



144 ESSENTIALS OF BACTEKIOLOaY. 

of infection. The bacilli are found in great numbers in the 
serum, but only appejir in the viscera some time after death, 
when spores have developed. 

The animals are usually infected through wounds on the 
extremities ; the stalls or meadows having been dirtied by the 
spore-containing blood of animals previously dead of the dis- 
ease. " jBausc/i6rand" is the German name; ^^ Gharhon symp- 
tomatique^^^ the French, from the resemblance in its symptoms 
to anthrax. 

Immunity. — Babbits, dogs, pigs, and fowls are immune by 
nature, but if the bacilli are placed in a 20 per cent, solution of 
lactic acid, and the mixture injected, the disease develops in 
them. The lactic acid is supposed to destroy some of the 
natural resistance of the animal's cells. 

When a bouillon culture is allowed to stand a few days, the 
bacilli therein lose their virulence, and animals are no longer af- 
fected by them. 

But if they are placed in 20 per cent, lactic acid and the mix- 
ture injected, their virulence returns. 

Immunity is produced by the injections of these weakened 
cultures, and also by some of the products which have been ob- 
tained from the cultures. 
Bacillus of CMcken Cholera. (Pasteur.) 
8yn, — Micrococcus cholera gallinarum. Microbe en huit. Ba- 
cillus avicidus. Bacillus of fowl septiccemia, 

Fio. 78. Origin, — In 1879 Perroncito observed this 

cocci-like bacillus in diseases of chickens, and 
Pasteur, in 1880, isolated and reproduced the 
disease with the microbe in question. 

Form, — At first it was thought to be a micro- 
coccus, but it has been seen to be a short rod 
Chicken cholera about twice as long as it is broad, the ends 
(Frankei a^d slightly rouudcd. The centre is very slightly 
Pfeiffer.) influenced by the aniline colors, the poles 

easily, so that in stained specimens the bacillus looks like a 
dumb-bell or a figure-of-eight. (Microbe en huit. ) 

Properties, — They do not possess self-movement ; do not 
liquefy gelatine. 
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Ormvth, — Occurs at ordinary temperature, requiring oxygen 
for development. It grows very slowly. 

Oelatine PlcUes, — In the course of three days little round, 
white colonies, which seldom increase in size, having a rough 
border and very finely granulated. 

Stab Culture, — A very delicate gray line along the needle- 
track, which does not become mucli larger. 

Agar Stroke Culture,— A moist, grayish-colored skin, more 
appreciable at brood heat. 

Potato.— At brood heat after several days a very thin, trans- 
parent growth. 

Staining.— MethyWu blue gives the best picture. Gram's 
tiiethod is not applicable. As the bacillus is easily decolorized, 
aniline oil is used for dehydrating tissue sections, instead of 
alcohol. 

Method : 

Loffler's methylin blue . . . . i hour. 

Alcohol 5 seconds. 

Aniline oil 5 minutes. 

Turpentine 1 minute. 

Xylol and Canada balsam. 

Pathogenesis, — Feeding the fowls or injecting under the skin 
will cause their death in from 12 to 24 hours, the symptoms pre- 
ceding death being those of a heavy septicsemia. 

The bacillus is then found in the blood and viscera, and the 
intestinal discharges, the intestines presenting a hemorrhagic 
inflammation. 

Guinea-pigs and sheep do not react. Mice and rabbits are 
affected in the same manner as the fowls. 

Immunity. — Pasteur, by injecting different-aged cultures into 
fowls, produced in them only a local inflammation, and they 
were then immune. But as the strength of these cultures could 
not be estimated, many fowls died and the healthy ones were 
endangered from the intestinal excretions, which is the chief 
manner of infection naturally ; the fpeces becoming mixed with 
the food. 

10 
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Bacteria of Hemorrhagic SepticsBmia. (Hueppe.) 

Under this heading Hueppe has gathered a number of bac- 
teria very similar to the bacillus of chicken cholera, differing 
from it and each other but very little. They have been described 
by various observers and found in different diseases. 

(1) The bacteria of this group color themselves strongly at 
tlie poles, giving rise to the dumb-bell shape. They do not take 
the Oram stain. They are without spores, 

(2) And do not liquefy gelatine. 

They have been placed in three general divisions : — 
f Wild Plague. (Hueppe. ) 
German Swine Plague. (Loffier, Schiitz.) 
Babbit Septicaemia. 
Ox Plague. (Oresti-Armanni.) 
^ Steer Plague. (Kitt.) 
The bacteria of the first division are not motile, do not grow 
on potato, and are found scattered through the bloodvessels. 
A local reaction is uncommon. 

' American Swine Plague. (Billings.) 
French Swine Plague. (CornilandChantemesse.) 
Cattle Plague. Texas Fever, (Billings.) 
Frog Plague. (Eberth. ) 
Here the bacteria are motile. They grow on potatoes and 
are similar to the typhoid bacillus in gelatine. They form 
small embolic processes in the capillaries. They cause only 
a local disturbance in rabbits when subcutaneously injected. 
An acid fermentation is produced in milk. 

3d<Hvisim I Hog Cholera. (Salmon.) 

m mvmmu | g^^^jgi^ g^.^^ Plague. (Lelander.) 

The bacteria of this third division are very motile. The hog- 
cholera bacilli lie in the spleen and other organs in small masses 
like the typhoid bacillus. 

Babbits die in four to eight days without any local disturb- 
ance. The growth on potato is strong. 

The Swedish swine-plague bacillus occupies a position be- 
tween that of Hog CJwlera and Bacillus Coli Communis, 

The various swine-plague bacilli are but little active in fowls, 
differing thus widely from the chicken -cholera bacillus. 



M division. 
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BacflluB of Erysipelas of Swine. (Loffler, Schutz. ) Schweme- 
rollaufbacillus (Oerman), Bouget du pore {Frejich), 

Origin, — Found in the spleen of an erysipelatous swine by 
Loffler in 1885. 

Form,— One of the smallest forms of bacilli known ; very thin, 
seldom longer than 1 /*, looking at first like little needle-like 
crystals. Spores have not been found. 

Properties,— They are motile ; do not liquefy gelatine. 

Qrofwth in culture at ordinary temperature, very slowly, and 
the less oxygen the better the growth. 

Qelatine Plate, — On third day little silver-gray specks, seen 
best with a dark background, coalescing after awhile, pro- 
ducing a clouding of the entire plate. 

SUih Cultures, — In a few days a very light, silvery-like clouding, 
which gradually involves the entire gelatine ; held up against 
a dark object, it comes plainly into view. 

Staining, — ^AU ordinary dyes and Gram's method also. 

Tissue sections stained by Gram's method show the bacilli in 
the cells, capillaries, and arterioles in great numbers. 

Pathogenesis, —Swine, mice, rabbits, and pigeons are sus- 
ceptible ; guinea-pigs and chickens, immune. 

When swine are infected through food or by injection a tor- 
pidity develops with diarrhoea and fever, and on the belly and 
breast red spots occur which coalesce, but do not give rise to 
any pain or swelling. The animal dies from exhaustion in 24 to 
48 hours. In mice the lids are glued together with pus. 

At the autopsy the liver, spleen, and glands are enlarged and 
congested, little hemorrhages occurring in the intestinal mucous 
membrane and that of the stomach. 

Bacilli are found in the blood and all the viscera. 

One attack, if withstood, protects against succeeding ones. 

Immunity. — Has also been attained b}' injecting vaccines of 
I wo separate strengths. 

Bacillus Hurisepticns. (Koch.) Mouse septiccemia. 

Origin,— Yound in the body of a mouse which had died from 
injection of putrid blood, and described by Koch in 1878. 

J*^orm.— Differs in no particular from the bacillus of swine 
erysipelas, excepting: that it is a very little shorter, making it 
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the smallest known bacillus. Spores have been found, the cul- 
tures exactly similar to those of swine erysipelas. 

The pathological actions are also similar. Field mice are 
immune ; whereas for house and white mice the bacillus is fatal 
in two to three days. 

HicrococcuBof Mai dePis. (Nocard.) Gangrenous mastitis 
of sheep. 

Origin,-— In the milk and serum of a sheep sick with the 
**"mal depis." 

Form. — Yery small cocci seldom in chains. 

Properties^ immotlle ; liquefying gelatine. 

GVoM?tA.— Growth occurs best between 2(Pand 37^ C, is very 
rapid, and irrespective of oxygen. 

Plates of OelaUne. — White round colonies, some on the surface 
and some in the deeper strata, with low power, appearing brown 
surrounded by a transparent areola. 

Stab Culture. — Yery profuse along the needle-track, in the 
form of a cone after two days, the colonies having gathered at 
the apex. 

Potato.— A. dirty gray, not very abundant, layer somewhat 
viscid. 

Staining^ with ordinary methods ; also Gram's method. 

Pathogenesis. — If a pure culture is injected into the mammary 
gland of sheep, a ^^malde pis" is produced which causes the 
death of the animal in 24 to 48 hours. The breast is found 
oedematous, likewise the thighs and perineum ; the mammse 
verj' much enlarged, and at the nipples a blue-violet coloration. 
The spleen is small and black ; other animals are less susceptible. 
In i*abbits abscesses at the point of infection, but no general 
affection. 

Bacillus Alvei. (Cheshire and Cheyne.) Bacillus meUttoph- 
tharus. (Cohn.) 

Origin,— In foul-brood of bees. 

J^orm.— Slender rods, with round and conical-pointed ends ; 
very large oval spores, the rod becoming spindle-shaped when 
they appear. 

Properties, — Motile, liquefying gelatine rapidly. 

Grotcf/i.— Grows best between 2(PC. and 37° C, very slowly ; 
serobla 
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Gklatine Plates, — Small grooves are slowly formed, which unite 
so as to form a circle or pear-shaped growth, from which linear 
grooves again start. 

Stab Culture.— Grows first on surface, then gradually along 
the needle-track, long processes shooting out from the same, 
clouding the gelatine. Later, air-bubbles form like the cholera 
culture, and in two weeks the whole gelatine liquefied. 

Staining, —Do not take aniline dyes very well. Gram's method 
is, however, applicable. 

Pathogenesis, — If a pure culture is spread over the honey* 
comb containing bee larvse, or if bees are fed upon infected 
material, foul-brood disease will occur. Mice, if injected, die in a 
few hours. (Edema around the point of infection, and many 
bacilli contained in the oedematous fiuid, otherwise no changes. 

Micrococcns Amylivonu. (Burrill. ) 

Origin,— In the disease called ^^ Blight,^ ^ which affects pear- 
trees and other plants. 

Form. — Small oval cells, never in chains, more the form of a 
bacillus. 

Pathogenesis.— lnit<yduced into small incisions in the bark of 
pear-trees the trees perished from the " blight." The starch of 
the plant cell was converted into carbon dioxide, hydrogen, 
and butyric acid. 

Bacterium Termo. (Cohn. ) 

This was a name given to a form of micro-organism found in 
decomposing albuminous material, and was supposed to be one 
specific germ. Hauser, in 1885, found three different distinct 
microbes which he grouped under the common name of Proteus, 
which have the putrefying properties ascribed to B. Termo. 

Proteus Vulgaris. 

Origin,— In putrid animal matter, in meconium and in water. 

Form, — Small rods, slightly curved, of varying lengths, often 
in twisted chains, having long cilia or fiagella. 

Properties. — Very motile, and very soon liquefying gelatine ; 
forms hydrogen sulphide gas ; causes putrefaction in meat. 

Growth. — Growth very rapid, best at 24^ C, is facultative 
aerobic. 
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Crelatine Plates, — ^Yellowish-brown, irregular colonies, with 
prolongations in every direction, forming all sorts of figures ; an 
impression prepamtion shows these spider-leg processes to con- 
sist of bacilli in regular order. 

Stxib GuUure, — The gelatine soon liquid, a gray layer on the 
surface, but the chief part of the culture in small crumbs at the 
bottom. 

Pathogenesis,— Babbits and guinea-pigs injected subcutane- 
ously die quickly, a form of toxaemia, hemorrhagic condition of 
lungs and intestines present. When neurin is injected previ- 
ously the animalH do not die. This ptomaine is supposed to be 
generated by the proteus vulgaris. 

Proteus MiraUlis, (Hauser.) 

Differs from P. vulgaris in that the gelatine is less rapidly 
liquefied. Found also in putrid material. 

Proteus Zenkeri, ( Hauser. ) 

Does not liquefy gelatine ; otherwise similar to the other two. 

We have now considered some of the characteristics of the 
more important bacteria. The scope of this work does not allow 
a more extended study than we have made, which, as we are 
aware, has been very superficial. The larger works must be 
referred to, if a deeper interest is taken in the subject. 
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YEASTS AND MOULDS. 

In works on bacteria, these true fungi, yeasts and niauldSy are 
usually considered. They are so closely related to bacteria, and 
so often contaminate the culture media, and arc so similar in 
many respects, that a description is almost a necessity. 

But there are several thousand varieties, and we cannot 
attempt to describe even all of the more important ones. It 
will answer our purpose to detail a few of the more common 
kinds, and give the principal features of the different orders. 

Fungi exist without chlorophyl, 

Saccharomycetes or Yeasts increase through budding; the 
spores are attached to the mother cell like a tuber on a potato. 

Yeasts are the cause of alcoholic fermentation in the saccha- 
roses. A description of the most common ones will suffice. 

Saccharomyces Cerevisiae. (Torula Cerevi&ioe,) This is the 
ordinary beer yeast. 

Form, — Bound and oval cells ; a thin membrane inclosing a 
granular mass, in which usually can be seen three or four irre- 
gular-shaped spores. When these become full grown they pass 
through the cell wall and form a daughter cell. Sometimes long 
chains are produced by the attached daughter cells. 

Growth, — They can be cultivated as bacteria in bouillon, but 
they grow best in beer. 

There are several varieties of beer yeast, each one giving a 
characteristic taste to the beer. Brewers, by paying special 
attention to the nutrient media, cultivate yeasts which give to 
their beers individual flavors. 

Mixed yeast gives rise to a poor quality of beer. 

Saccliaromyces Bosaceus. S. Niger and S. Albicans. These 
yeasts are found in the air ; and instead of producing alcoholic 

(151) 
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fermentation they give rise to a pigment in the culture media. 
They grow upon gelatine which they do not liquefy. 

Saccharomyces Hycoderma. This yeast forms a mould-like 
growth, a skin, on the surface of fermented liquids, but does not 
cause any fermentation itself. It forms the common *' mould" 
on wine, preserves, and "sour krout." 

Oidium. A form which seems to be the bridge between the 
yeast and the moulds is the oidium. Sometimes it resembles 
the yeasts, sometimes the moulds, and often both forms are 
found in the same culture. Several are pathogenic for man. 

OidituA Lactis. 

Origin, — In sour milk and butter. 

Form.— The. branches or hyphens break up into short rod-like 
spores. Ko sporangium, as in moulds. 

Orowth;-~ln milk it appears as a white mould. 

Artificially cultured on gelatine plates, or milk gelatine plates, 
it forms satin-like, star-shaped colonies, which slowly liquefy. 
Under microscope the form of the fungus is well seen. 

Agar Stroke GuUiire,— The little stars, very nicely seen at first ; 
then the culture becomes covered with them, causing a smeared 
layer to appear over the whole surface, with a sour odor. 

Properties, — The milk is not changed in any special way. It 
is not pathogenic for man or animals. It is found when the 
milk begins to sour. 

Oidium Albicans. (Soor,) Thrush Fungus, 

Origin, — Mucous membrane of the mouth, especially of infants. 

Form. — Taken from the surface of the culture, a form like 
yeasts ; but in the deeper layers, mycelia with hyphens occur. 

Growth, — Not liquefying; snow-white colonies on gelatine 
plates. 

Stab Culture, — Eadiating yellow or white processes spring from 
the line made by the needle, those near the surface having oval 
ends. 

Potatoes, — The yeast form, develops as thick white colonies. 

Bread Mash, — Snow-white veil over the surface. 

Pathogenesis. — In man the parasitic thrush, or "white mouth," 
is caused by this fungus. In the white patches the spores and 
filaments of this microbe can be found. Babbits receiving an 
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Intravenous injection perish in twenty-four to forty-eight hours, 
the viscera heing filled with niycelia. 

True Moulds. Fliigge has made five distinct divisions of 
moulds. It will, however, serve our purpose to classify those 
to be described under three headings : Penicillium^ Mvcm\ and 
Aspergillvs, 

Penicillium Glaucum. 

Origin, — The most widely distributed of all moulds, found 
wherever moulds can exist. 

Form, — From the mycelium, hyphens spring which divide into 
basidia (branches), from which tiny filaments arise (sterygmata), 
arranged like a brush or tuft. On each sterygma a little bead 
or conidium forms, which is the spore. In this particular fungus 
tlie spores in mass appear green. 

Qrowth, — ^It develops only at ordinary temperatures, fbnning 
thick grayish-green moulds on bread-mash. At first these ap- 
pear white, but as soon as the spores form, the green predomi- 
nates. Gelatine is liquefied by it. 

Huoor Hucedo. Next to the penicillium glaucum, this is the 
most common mould. Found in horse dung, in nuts, and 
apples, in bread and potatoes as a white mould. 

Fmifn, — The mycelium sends out several branches, on one of 
which a pointed stem is formed which enlarges to form a globu- 
lar head, a spore-bulb, or Sporangium, The spore-bulb is par- 
titioned off into cells in which large oval spores lie. When the 
spores are ripe a cap forms around the bulb, the walls break 
down and the wind scatters the spores, leaving the cap or 
" columella^'' behind. 

Growth. — Takes place at higher temperatures on acid media. 

It is not Pat/iogenic, 

Achorion Schonleinii. 

Tricophyton Tonsurans. 

Microsporon Furfur. 

These three forms are similar to each other in nearly every 
particular and resemble in some respects the oidium lactis, in 
other ways the mucoids. The first one, Achorion Schonleinii^ was 
discovered by Schonlein in 1839, in Favus^ and is now known as 
the direct cause of this skin disease. 
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Origin, — Found in the scaly crusts offavus. 

Form, — Similar to oidium lactis. 

Growth,— Is very sparse. On gelatine round white masses 
inclosed by a zone of liquefied gelatine. 

In milk it is destroyed. 

Pathogenesis, -r-C^uses favus in man. 

Tricophyton Tonsurans. Found, in 1854, by Bazin, in Tinea. 

Form, — Similar to the achorion or favus fungus. 

Growth, — Somewhat more rapid than the favus, and the gela- 
tine quickly liquefied. Old cultures are of an orange-yellow 
color. Colonies have a star-shaped form. 

Pathogenesis,— Herpes tonsurans and the various tinese are 
produced by this fungus. 

Hicrosporon Furfur. Found in tinea versicolor, almost iden- 
tical with the above, forms dry yellow spots, usually on the chest 
in persons sufiering from wasting diseases. 

Aspergillus Olaucus. 

Origin, — In saccharine fruits. 

Form: — The hyphen has formed upon its further end a bulb, 
from which pear-shaped sterygmata arise and bear upon their 
ends the conidia or spores. 

GroiotA.— Best upon fruit juices. Non-pathogenic, The mould 
is green. Aspergillus flavus has the tufts and spores of a yellow 
color. 

A. Fumigatus. Is pathogenic for rabbits when injected into 
them. At the autopsy their viscera are found filled with the 
mould. 

Examination of Yeasts and Moulds. Yeasts and moulds are 
best examined in the unstained condition. A small portion of 
the colony rubbed up with a mixture of alcohol and a few drops 
of liquor ammonia ; of this, a little is brought upon the glass- 
slide covered with a drop of glycerine and the cover-glass pressed 
upon it. If the preparation is to be saved, the cover-glass is 
secured by ringing around the edges. Yea^sts take methylen-bhie 
stain very well. 

Ray Fungus. A division containing the a>ctinomyces, (Bol- 
linger and Israel.) 

Origin. — In actinomycosis of man and cattle, in the growth. 
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Form.— In the pus or scrapings, little yellow grains about \ 
the size uf a pin's head are seen by the naked eye. When one of \ 
these points is flattened out between the cover-glass and slide \ 
and placed under microscope (200 x), aster-shaped figures will ^ 










be seen, the centre thick, radiating (lorn it, little hyphens, which 
become thicker and rounder at their peripheral end. These 
bottle-shaped hyphens are supposed to be the spore-bearing 
organs. Some of these may have separated from the main body 
and lie loose or attached to it by a very thin filament. 

6^rMct/i,— Develops only at brood heat and by exclusion of 
oxygen. 

In Agar. — After several weeks a yellowish growth was ob- 
tained, but this consisted mainly of mycelia, the club-shaped or 
conical rays not forming. 

In eggs a growth developed when the method of Hueppc was 
carried out, 

Pnthogetiesis. — When a portion of the growth obtained in i 
eggs was injeeted into the abdominal cavity of a rabbit, actiuomy- | 
colic processes developed upon the peritoneum. 

It usually gains access to the living body through a wound in ; 
the gum or some caries of the teeth, A new growth is formed, i 
ulceration being first set up. : 

The new tissue, composed of round cella, then undergoes soft- 
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ening, purulent collections form and the normal structure is 
destroyed. 

The usual seat is in the maxillary hones, hut the fungus has 
heen found in the lungs, tonsils, intestines, and various other 
organs in man and cattle. 

JSxaminatiorL — Well seen in the unstained condition. From 
the pus or scraping a small portion is taken and squeezed upon 
the glass slide ; if calcareous matter is present, a drop of nitric 
acid will dissolve the same. 

Glycerine will preserve the preparation. 

Staining, — Cover-glass specimens stained best with Gram's 
method. Tissue sections should be stained as follows : — 

Ziehl's carbol-fuchsin, ten minutes. Binse in water. 

Cone, alcohol sol. of picric acid, five minutes. Einse in water. 

Alcohol, 50 per cent., fifteen minutes. Alcohol absolute, clove 
oil, balsam. 

The rays stained red, the tissue yellow. 

Examination of Air» Soil, and Water. 

Air. — Many germs are constantly found in the atmosphere 
about us. Bacteria unaided do not rise into the air and fly 
about ; they usually become mixed with small particles of dirt 
or dust and are moved with the wind. The more dust the more 
bacteria, and therefore the air in summer contains a greater 
number than the air in winter, and all the other differences can 
be attributed to the greater or less quantity of dust and wind. 

Methods of Examination. The simplest method is to ex- 
pose a glass or dish covered with gelatine in a dust-laden 
atmosphere or in the place to be examined. In the course of 
24 to 48 hours colonies will be seen formed wherever a germ has 
fallen. But this method will not give any accurate results in 
regard to the number of bacteria in a given space ; for such a 
purpose somewhat more complicated methods are needed, so 
that a certain amount of air can come in contact with the 
culture media at a certain regulated rate of speed. 

He88e^Et Method. This is the most useful of the various 
methods in vogue. 

A glass cylinder, 70 centimetres long and 3.6 centimetres in 
diameter, is covered at one end, by two rubber caps, the inner 
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one having a hole in ite centre 10 millimetres in diameter ; and 

lit the end B a rubber cork fits in the cylinder ; through thia 
cork a glass tube 10 mm. in diameter pasees, which is plugged 
at both ends with cotton. The cyliuder and flttings are first 
washed in aluuliol and Eublimate and then placed for one hour 
in the Kteniii chamber. 

Removing the cork of the cylinder, 50 cubic centimetres of 
sterile gelatine in a fluid condition are introduced and rolled 
out on the sides of the tube, after the manner of EBmarch, 
leaving a somewhat thicker coating along the under side of the 

Fio. HO. 




cylinder. The c^oxcope, as the cylinder and its fittings are 
called, is placed upon .an ordinary photographer's tripod and 
the glass Lube, which jiasseH through the rubber 'cork, connected 
with an aspirator, the cotton having first been removed from its 
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Fig. 81. 
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outer end. The aspirator consists of two ordinary wash-bottles 
connected with each other by a rubber tube, C They are at- 
tached to the tripod with a small hook one above the o(her, the 
upper one half filled with water and slightly tilted. 

When the apparatus is wanted, the outer rubber 
cap at the end A of the aeroscope is removed, the 
air can then pass through the small hole in the 
olher cap, and the germs fall upon the gelatine in 
the tube, the cotton in the small glass tube at the 
other end preventing the germs from getting out. 
The aspirator is set in use by tilting the upper 
bottle so that the water flows into the lower, this 
creates suction and draws the air through the 
aeroscope. 

The amount entering estimated by the capacity 
of the wash-bottle. The rate at which it enters 
depending upon the rate of the flow of water, 
which can be regulated. 

Hesse advises for rooms and closed spaces 1 to 5 
litres, at the rate of 2 minutes a litre, and for open 
spaces, 10 to 20 litres at 4 minutes a litre. Plate 
cultures can be made from the colonies which de- 
velop in 8 to 10 days in the cylinder. 

Petri's Method. The air pumped or sucked 
through sand filters, and the sand then mixed with 
gelatine. 

Sand is sterilized by heating to redness, and 
while still warm placed in test tubes which are 
then plugged. (Sand which has been passed 
through a sieve with meshes 0.25 millimetres wide 
is the kind required.) A glass tube 9 centimetres long is pro- 
vided with two portions of sand each 3 cm. long and J cm. apart, 
little plates of brass gauze keeping the portions in position. 

The tube and its contents now sterilized in hot air oven at 
150^ C, the ends having first been plugged with cotton. 

One end of the tube is then fitted with a rubber cork through 
which passes a glass tube, which is connected with an aspirator 
(a hand-pump with a known capacity). 



Sand filter 
after Petri. 
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If a hundred litres of air pass through the tube in fifteen min- 
utes the germs should all be arrested in the first sand filter. 

And when the filters are removed and thoroughly mixed with 
gelatine, each filter for itself, there should be no colonies de- 
veloped from the second filter, t. 6., the one nearest the aspirator. 

Sedgwick-Tucker Method. A special form of tube is used, 
called an cusrobioscope. It consists of a neck 2.5 cm. in length, 

Fig. 82. 



Sedgwick-Tucker a^robioscope. 

an expanded portion 15 cm. long, and a long narrow tube of 15 
cm. After sterilization the tube is parti}' filled with granulated 
sugar, which is the filtering material. By means of a vacuum 
gauge and an air-pump, or ordinary aspirating bottles, the vol- 
ume of air passing through the apparatus can be determined. 
After the air has been passed through, the sugar is gently 
shaken from the narrow tube into the expanded portion, and 
20 c. c. of liquefied gelatine is poured in. The sugar dissolves, 
and the mixture is then rolled on the inner side of the glass 
as an Esmarch tube. This part of the apparatus is divided into 
squares to make the counting of colonies easy. The aerobio- 
scope is very highly recommended. 

Varieties Found in Air. The only pathogenic bacteria found 
with any constancy are the staphylo-coccus aureus and citreus ; 
but any bacterium can be, through accident, lifted into the atmo- 
sphere, and in certain places may be always found — the bacillus 
tuberculosis, for example, in rooms where many consumptives 
are living. 

Non-Fathogenic. The micrococci predominate. Sarcina, 
yeasts, and moulds constantly contaminate cultures. 

In the ordinary habitations the average number of germs to 
the litre of air does not exceed five. 

Around water-closets, where one would imagine a great num- 
ber to exist, owing to the undisturbed condition of the air, but 
few will be found. 
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Examination of Water. The bacteriological examination of 
water is to-day of as much importance as the chemical analy- 
sis, and must go hand in hand with it. 

At the start we must say that a water containing thousands 
of germs to the cubic centimeter is far less dangerous than one 
containing but two germs, if one of these two be a typhoid ba- 
cillus. It is not the number that proves dangerous, it is the 
kind. 

If a natural water contains more than 500 germs to the cubic 
centimeter, it were well to examine its source. 

Bacteriology performs the greatest service in testing the devices 
which are intended to render water fit for drinking. 

As a diagnostic aid the examination is of but little use. An 
epidemic of typhoid fever occurs, the water is suspected, an ex- 
amination is undertaken ; but the days of incubation and the 
days passed before the water is analyzed have given the typhoid 
germs, if any had been present, ample time to disappear, since 
in water that contains other bacteria they live a very short time 
only. Again, the water tested one day may be entirely free and 
the next day contain a great number, and before the typhoid 
germ can be proven to be present in that particular water, the 
epidemic may be past. 

Purity of Waters. The purest water we have is the natural 
spring water— water that has slowly filtered its way through 
various layers of gravel and sand and comes finally clear and 
sparkling from the ground. It is without germs ; but let such 
a water stand walled up in cisterns or wells, it becomes as 
surface water, open to all sorts of impurities, and the bacterial 
nature of it changes every moment. 

Artesian or Driven Well. The driven well will secure to a cer- 
tain extent a pure water. It is the only form of well or cistern 
that will insure this, since the water does not become stagnant 
in it ; but it may connect with an outhouse, the soil being very 
loose, allowing the products of germs of refuse water to find their 
wav into the well. If a chemical examination shows increased 
amounts of chloride of sodium, a contamination can be mooted. 

Filtered Water. Dangerous as surface water is, the greater 
quantity used, is such : the inhabitants of larger towns and cities 
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using chiefly the rivers and other large waters which course 
near them for drinking purposes. A purification or filtration 
can in a certain measure render these waters harmless. 

Filtration is often carried on on a large scale in the water- 
works of cities and towns. 

Bacteriological examination is here of great service to deter- 
mine if a water, which has been filtered and may have a very 
clear appearance, and give no harmful chemical i*eaction, yet 
be entirely free, or nearly so, from germs ; in other words, if 
the filter is a germ filter or not. 

Charcoal Sponge and Asbestos, the materials formerly in use 
are objectionable because germs readily develop on them and 
clog them, so that they require frequent renewal. In very 
large filters, sand and gravel give the best results ; the number 
of germs in a cubic centimetre is reduced to forty or fifty and 
kept at that number. This is a very pure water for a qity water, 
though, as we stated before, not a safe one, for among those 
forty germs very dangerous ones may be found. It is then 
necessary for the users to refilter the water before drinking it, 
through a material which will not allow any germs to pass. 

Fastenr-Chamberland Filter. This very perfect filter^ which 
is now in almost universal use, consists of a piece of polished 
porcelain in the form of a cylinder closed at one end and pointed 
at the other. It is placed in another cylinder of glass or rubber 
and the pointed portion connected with a bottle containing the 
water, or directly with faucet of the water-pipe. The water 
courses through the porcelain very slowly and comes out entirely 
free from germs ; pipe-clay, bisque, infusorial earth, and kaolin 
are also perfect filters. The only disadvantage is the long time 
it takes for the water to pass through. Pressure is used to 
accelerate the passage in the form of an aspirator or air-pump. 
(See Fig. 41.) 

The force of the hydrant water is also sufficient to produce a 
steady, small stream. 

These porcelain cylinders can easily be sterilized and the 
pores washed out. 

All the cylinders or bougies are not germ proof, so that they 
must be tested, and most of them must be cleaned every fourth 
day, or they will allow germs to pass through. 
11 
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Boiling as a means of purifying. When such a filter cannot 
be obtained, the only alternative is to boil all the water to be 
used for drinking ; and this should especially be done in times 
of typhoid and cholera epidemics. 

Methods of Examination. Since the germs rapidly multiply 
in stagnant water, an examination must not be delayed longer 
than an hour after the water has been collected. Every pre- 
caution must be taken in the way of cleanliness to prevent con- 
tamination; sterilized flasks, pipettes, and plugs must be at 
hand, and the gelatine tubes best inoculated on the spot. If 
this cannot be done, the sample should be packed in ice until 
it arrives at the laboratory. The sample is placed in a steri- 
lized glass flask, and the flask then closed with a sterile cotton 
plug. A sterilized pipette is then dipped into the flask and 
1 c.c. of the water withdrawn and added to a tube of gelatine, 
the gelatine being in a fluid condition. To a second tube, 
i c.c. is added. The tubes are then shaken so as to thor- 
oughly mix the water with the gelatine, and then poured 
upon wide glass plates, one plate for each tube ; the plates are 
then placed in the moist chamber, and in two or three days 
examined. A temperature of 18° to 20° C. is best. Many water- 
bacteria are hindered by higher degrees of heat. If the germs 
are equally divided, there should be one-half the number on 
one plate that there is on the other ; thus the J c.c. serves as 
control. 

Water that is very rich in germs requires dilution with ster- 
ilized water 50 to 100 times. Fewer colonies will be found on 
agar than on gelatine even at the same temperature. 

To count the colonies which develop upon the plates, a spe- 
cial apparatus has been designed, known as 

Wolfhngers Apparatns. A glass plate divided into squares, 
each a centimeter large, and some of these subdivided. This 
plate is placed above the gelatine plate with the colonies, and 
the number in several quadrants taken, a lens being used to 
see the smaller ones. 

The petri saucers can be used instead of plates, and an appa- 
ratus on the Wolf hiigel plan can be obtained to count the colo- 
nies. It is best to count all the colonies on the plate or dish. 
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Agar and bouillon are used in qualitative analyses. A large 
quantity of the water is taken (about 100 c. cm.) and mixed 
with 25 c.c. of bouillon; the mixture is then placed in an in- 
cubator. The ordinary water-bacteria do not bear the higher 
temperatures very well, and therefore pathogenic organisms — 
as cholera, for instance — will be found almost in pure cultures. 

The growth of intestinal bacteria is also favored by glucose- 
bouillon (2 per cent.), and fermentation ensues. If a fermenta- 
tion-tube (Smith's) is used, the gas collects at one end, and the 
bacteria can be further cultivated and studied. 

Varieties Found. The usual kinds found are non-patho- 
genic, but, as is well known, typhoid and cholera are princi- 
pally spread through drinking water, and many other germs 
may find their way into the water. Some of the common 
varieties give rise to fluorescence, or produce pigment. 

Eisenberg gives 100 different varieties as ordinarily found, 
As mentioned before, 2 bacteria to a cubic centimeter, one of 
these typhoid, give more danger to a water than thousands of 
non-pathogenic ones. When, however, more than 200 bacteria 
to the c.c. are found, such a water ought not to be considered 
potable. Distilled water often forms a good medium for some 
bacteria* 

The Examination of the Soil. The upper layers of the soil 
. contain a great many bacteria, but because of the difficulty in 
analyzing the same, the results are neither accurate nor con- 
stant. The principal trouble lies in the mixing of the earth 
with the nutrient medium ; little particles of ground will cling 
to the walls of the tube, or be imbedded in the gelatine, and 
may contain within them myriads of bacteria. As with water, 
the soil must be examined immediately or very soon after it is 
collected, the bacteria rapidly multiplying in it. 

When the deeper layers are to be examined, some precautions 
must be taken to avoid contamination with the other portions oil 
the soil. One method, very laborious and not often practical, is 
to dig a hole near the spot to be examined and take the earth 
from the sides of this excavation. 

Frankel's Borer. Frankel has devised a small apparatus in 
the form of a borer, which contains near its lower end a small 
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cavity, which caa be closed up by turning the handle, or opened 
by turning in the opposite direction. 

It is introduced with the cavity closed, and when it is at the 
desired depth, the handle is turned, the earth enters the cavity, 
the handle again turned, incloses it completely, and the borer is 
then withdrawn. 

The earth can then be mixed with the gelatine in a tube, and 
this gelatine then rolled on the walls of the tube after the man- 
ner of Esmarch, or it can be poured upon a glass plate, and the 
colonies developed so. 

Another method is to wash the earth with sterilized water, 
and the water then mixed with the gelatine, as many of the 
germs are taken up by the water. 

The roll-cultures of Esmarch give the best results, many of 
the varieties usually found being anserobic. 

Animals inoculated with the soil around Berlin die almost 
always of malignant cedema, and with that of some other towns 
invariably of tetanus. Many of the germs found are nitrogen 
formers and play a great r61e in the economy of the soil. 

Nitrifying organisms are found in the superficial layers of the 
earth. Organic matters found in sewage and in the feecal evac- 
uations of animals form the basis for their activity, whereby 
nitrates, ammonias, and nitric acid result. The nitrogen neces- 
sary for the growing plant is thus produced. The nitro-monas 
of Winogradsky belongs to this group. 
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BACTERIOLOGIC EXAMINATION OF THE ORGANS AND 
CAVITIES OF THE HUMAN BODY. 

The body, on account of ita constant contact with the sur- 
rounding air, is necessarily exposed to infection, and we would 
be likely to find on the Skin and in the oral, anal, and nasal 
cavities the varieties of micro-organisms commonly around us. 
Through the water and food the body is also contaminated; 
but some organisms by predilection inhabit the mouth, intes- 
tine, and other cavities, and form there a flora distinctly their 
own. 

The Skin. The majority of micro-organisms met with on the 
skin are non-pathogenic, although underneath the nails and in 
the hair, pus-forming micro-organisms often occur, producing 
sometimes serious abscesses. 

In the sweat-glands and the sebaceous glands various organ- 
isms have been found. 

In foul-smelling perspiration of the feet Rosenbach found 
Saprogenes No. II., which is pathogenic for rabbits. 

Micrococcus cereus albus and flavus, Diplococcus liquefa- 
ciens albus and flavus, Staphylococcus pyogenes aureus, and 
Streptococcus pyogenes are found underneath the nails. 

In eczema, Diplococcus albicans tardus, D. citreus liquefa- 
ciens, D. flavus liquefaciens, and Ascobacillus citreus. 

In colored sweat. Micrococcus hsematodes, Bacillus pyocya- 
neus. 

A diplococcus is found in acute pemphigus. 

The lepra bacillus, the tubercle bacillus in lupus, and the 
typhoid bacillus in the eruption of typhoid fever are a few of 
the specific germs found on the skin. 

The Conjunctiva. The micrococcus of trachoma and the 
Bacillus xerosis are two special germs found on the conjunc- 
tiva; the other varieties of air- and water-organisms are also 
found. 

The Mouth. The mouth is a favorite seat for the development 
of bacteria. The alkaline saUva, the particles of food left in 
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the teeth, the deca^'ed teeth themselves, all furnish suitable 
soil for their growth. 

Quite a number of germs have been isolated and their prop- 
erties partly studied. Many have some connection with the 
production of caries of the teeth, as Miller has well shown in 
his careful studies. The Leptothrix buccalis, found in nearly 
all mouths, is a long chain or filamentous bacillus which stains 
blue with iodin. It was formerly considered the cause of tartar 
on the teeth. 

The Spirillum sputigenum, Spirochseta dentium, Micrococcus 
gingivae pyogenes, Bacillus dentalis viridans, B. pulpse pyogenes, 
Microccocus of sputum-septicaemia, and M. salivarus septicus 
are a few of the germs cultivated by Miller and Biondi from 
the mouth. Besides these, the pneumo-bacteria, diphtheria 
bacillus, and tubercle bacillus are often met with, the first two 
in the mouths of healthy persons. 

Ear. In the middle ear of new-born infants no pathogenic 
organisms were found, but quite a number of non-pathogenic 
ones. In affections of the ear the pneumo-bacillus and the 
Staphylococcus pyogenes are most frequent. 

Nasal Cavity. The nasal secretion, containing as it does 
dead cells and being alkaline in reaction, forms a good soil for 
the growth of germs. 

Diplococcus coryzae. Micrococcus nasalis, Bacillus foetidus 
ozaenae, B. striatus albus et flavus, B. capsulatus mucosus, and 
Vibrio nasalis are some of the organisms described by various 
observers. 

Stomach and Intestine. The secretion of the stomach is in 
its normal state not a favorable soil for the development of 
bacteria, yet some germs resist the action of the gastric juice 
and flourish in it. When the acids of the stomach are dimin- 
ished in quantity or absent altogether, the conditions for the 
growth of bacteria are more favorable. 

Shortly after birth micro-organisms are found in the stomach, 
though it is claimed by some that they are absent at birth. 

Some gastric bacteria normally present are Sarcina ventric- 
uli. Bacterium lactis aerogenes. Bacillus subtilis, B. amylo- 
bacter, B. megaterium. 

The intestinal organisms are more numerous, and the mu- 
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ecus lining of the intestines and the secretions there present 
are favorable to germ-growth. 

Some investigators consider digestion dependent on microbic 
activity, but experiments with animals have recently shown 
that life and digestion can proceed in a perfectly sterile condi- 
tion. Food and air sterilized will not develop bacteria in the 
faeces. 

In the faeces of the young a great many bacteria have been 
found that are supposed to stand in close relation with the 
intestinal disorders common to nurslings. The majority of 
bacteria usually present in the intestines are non-pathogenic. 
The following varieties may be met with in the feces : Micro- 
coccus aerogenes, Bacillus subtilis, B. butyricus, B. putrificus 
coli, B. lactis aerogenes, B. coli commune, B. subtiliformis, and 
the bacteria of cholera, dysentery, and typhoid, besides many 
yeast-cells. 

Genito-urinary Passages. In vaginal secretion Bumm has 
been able to find a number of organisms, some of which 
closely resemble the gonococcus ; thus, there is the Diplococ- 
cus subflavus. Micrococcus lacteus faviformis, Diplococciis albi- 
cans amplus, and the vaginal bacillus. 

In the urethra of healthy persons bacteria are sometimes 
found, usually having entered from the air. 

In the normal secretions around the prepuce a bacillus called 
the smegma bacillus has been discovered, and it is considered 
identical with the so-called syphilis bacillus of Lustgarten. 

In urethral pus a number of diplococci other than the gono- 
cocci have been isolated. 

From the urine itself a great number of bacteria have been 
obtained, but mostly derived from the air, finding in the urine 
a suitable soil. A description of uro-bacteria will be found on 
page 87. 

Micro-organisms of the Blood. Many of the bacteria de- 
scribed in the body of this book are found in the blood of the 
animal they infect ; thus, anthrax bacilli are always found in 
the blood, whereas tubercle bacilli seldom, if ever, enter this 
secretion. 

When animals are subcutaneously injected with pneumo- 
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cocci they are found in large quantities in the blood. The 
diseases of a hemorrhagic nature affecting fowls and swine 
usually show the presence of bacteria in the vascular system. 

Method of Examination. — A drop of blood can be spread on 
a cover*glass and stained with the ordinary dyes, as sputum, 
pus, or serum ; but in order to eliminate the coloring matter 
of the red corpuscles and bring the stained bacteria more 
prominently into view, Gunther recommends that the blood, 
after drying and fixing, should be rinsed in a dilute solution 
of acetic acid (1 to 5 per cent.). The haemoglobin is thereby 
extracted, and the corpuscles appear then only as faint out- 
lines. 

Instead of " fixing '* by heat. Can on employs alcohol for five 
minutes, especially in staining for influenza bacilli, which have 
been detected in the blood. 



170 



CHIEF OHARAOTBRISTIOS 



CHIEF CHARACTERISTICS 



PART I.- 



Name. 


Geniis. 


Biology. 


Product. 


ACBTI. 


Bacillus. 


Short motile rods in 
zoogloea; eerobic. 


Ferment. 


ACIDI LACTICI. 


Bacillus. 


Short, immotile rods; 
aerobic. 




ACIDI LACnCI. 


Bacillus. 


Short, immotile rods. 




ACTINOBACTEB. 


Bacillus. 


Immotile rods with 
capsule; facul. anee- 
roD. 




Aerogenbs. 


Bacillus. 


Small motile rods, sin- 
gle and in pairs ; very 
resistant. 




^ROPHILUS. 


Bacillus. 


Slender rods in threads : 
immotile ; oval 
spores; serobic. 




Agilis. 


Micrococcus. 


Mobile diplococci with 
fine flagella. 


Red pigment. 


Alba. 


Beggiatoa. 


Cocci and spirals with 
sulphur. 




Alba. 


Sarcina. 


Small cocci in packets. 


While pigment. 


Albicans ahplus. 


Micrococcus. 


Large cocci and diplo- 
cocci. 




Albicans tardis- 


Micrococcus. 


Diplococci colored by 
Gram. 




IMUS. 






Albicans tardus. 


Micrococcus. 


Diplococci not motile. 


• «•••• 


Allii. 


Bacillus. 


Very small rods. 


Alkaloid pigment. 


Amyliferum. 


Spirillus. 


Rigid spirilla with 
spores ; turns blue 
with iodine. 
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OF THE PRINCIPAL BACTERIA. 



NON-PATHOGENIC BACTERIA. 



Culture Gharacten. 


Actions. 


HabiUt. 


Discoverer. 


Not liquefy ; membranous 


Produces acetic-acid 


Air. 


Katzing. 


growth. 


fermentation. 






Not liquefy; small white 


Lactic-acid fermenta- 


Air ; sour milk. 


Pasteur. 


points porcelain - like ; 


tion: precipitates 






slow. 


caseine. 






Growth faster than aboye ; 


Alcohol is formed after 


Sour milk. 


Grotenfeldt. 


appearance same. 


the lactic-acid fer- 
mentation. 








Causes fermentation 


Air. 


Duclaux. 




with gas and alcohol. 






Rapid growth ; round, con- 




Digestive tract. 


Miller. 


centrically-arranged col- 








onies ; not liquefy. 








Liquefy rapidly ; small yel- 




Old cultures. 


Liborius. 


low-gray colonies. 








Slowly liquefying, forming 




Drinking-water. 


Ali Cohens. 


a cone with rose-red color. 












Sulphur springs. 


Vauch. 


Slow growth in small white 


• • • • • 


Air and water. 




colonies. 








Slowly liquefy; gray col- 


Is colored by Gram's 


Vaginal secretion. 


Bumm. 


onies ; growth fairly 


method. 






rapid. 








Small white points, not 




Urethral pus. 


Bumm. 


liquefying ; very slow 
growth. 








Grows slowly on surface, 
the boundary raised ; 




Skin in eczema. 


Unna, 






TommasolL 


twice as large as above. 








Bright green pellicle on 


Decomposes albumin. 


Green slime of 


Grifilhs. 






ouions. 








Water. 


VanTlegham. 
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GHIKF CHARAOTfiBISTICS 



NON-PATHOGENIC 



Name. 


Genus. 


Biology. 


Product. 


AMYT/>BACT£B. 


Bacillus. 


See Butrycua^ with whl 


eh it is ideatioftl. 


Aquatit.tr. 


Micrococcus. 


Very small cocci in ir- 
regular groups. 




Arachnoidba. 


Beggiatoa 


Very thick filaments 
containing sulphur; 
motile. 




Arborbscbns. 


Bacillus. 


Thin rods, with round- 
ed ends in threads, 
and singly; immotile. 


Yellow pigment. 


Attenuatum. 


Spirillum. 


Threads with narrow- 
ed ends. 




AUBANTIACA. 


Sarcina. 


Small cocci in pairs and 
tetrads ; strongly 
eerobic. 


Orange-yellow pig- 
ment. 


AURANTIACUS. 


Bacillus. 


Motile, short thick 
rods, often in long 
threads. 


Orange-yellow ptg 
ment. 


AUBANTIACUS. 


Micrococcus. 


Oyal cocci in pairs and 
singly ; immotile. 


Orange-yellow pig- 
ment in water, al- 
cohol, and ether; 
insoluble. 


AUBBA. 


Sarcina. 


Cocci in packets. 


Golden-colored pig> 
ment; soluble in 
alcohol. 


AURBITS. 


Bacillus. 


Straight motile rods 
lying parallel. 


Golden-yellow pig- 
ment. 


Balticus. 


Bacillus. 


Short rod. 


Phosphorescence. 


BiBNSTOCKn. 


Bacillus. 


See PiUriJUnis, coli. 




BiLLBOTHlI. 

Brunnbus. 


Micrococcus 
(ascococcus). 

Bacillus. 


Groups of cocci sur- 
rounded with cap- 
sule ; zoogloea aerobic. 

Motile rods. 


Brown pigment. 


BUTYBIO-AC!ID PBB- 
MBNTATION. 


Bacillus. 


Large, slender motile 
fMs in pairs : spores ; 
facul. aneeroDiu. 


Diastase. 
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BACTEEIA.— Continued. 



Culture (Siaracten. 



Light-yellow colonies ; ser- 
rated edges. 



Colonies, radiating from an 
oval centre like roots; 
later on colored yellow ; 
slowly liquefy. 



Rapidly liauefy ; little 
orange-yellow colonies, 
not growing in high tem- 
perature. 

Slowly growing; nail cul- 
tures ; shining and 
orange-yellow; not liq- 
uefy. 

Round orange-yellow col- 
onies, mostly on surface ; 
slow growth ; not lique- 
fying. 

Liquefy ; bright golden 
layer on potato. 

Slow-growing, chrome-yel- 
low, whetstone in shape ; 
not liquefy. 

Do not liquefy; require 
glucose for growth. 

Creamy layer on surface 
of gelatin. 



Liquefy rapidly ; gray yeil 
on surface of potato. 



Actions. 


Habitat. 


Discoverer. 




Old distilled water. 


Bolton. 




Sulphur water. 


Agardh. 




London Water- 
works. 


Francland. 




Stagnant water. 


Warming. 




Air and water. 


Koch. 




Water. 


Francland. 




Water. 


Cohn. 




Exudate of pneu- 
monia. 


Mace. 




Water and skin of 
eczema. 


Adametz and 
Unna. 


• • • 


Baltic Sea. 


Fischer. 




Putrid broth. 


Cohn. 




Maize. 


Schroter. 


Casein ppt. and changed 
into butyric acid ; am- 
monia set free. 


Air. 


Hueppe. 
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CHIEF CHARACTERISTICS 



NONPATHOGENIC 




BuTYRicuM (amy- 
lobacter). 

CiBRULEUS. 



Candicans 
(candidus). 

Cabotabum. 



Catenula. 
Caucasicus. 

Cebasinus siccus. 

Cebeus albus. 

Cebeus flayus. 
Chlobinus. 
Chlobinus. 
Ciknababeus. 

CiTBEUS. 



Citbbtts. 



CiTBEUS OONGLOM- 

ebatus. 
Clayifobmis. 



Clostridium. 

fiacillus. 

Micrococcus. 
Bacillus. 

Bacillus. 
Bacillus. 

Micrococcus. 

Micrococcus. 

Micrococcus. 

Bacillus. 

Micrococcus. 

Micrococcus. 
Bacillus (asco.). 



Micrococcus. 



Micrococcus. 

Bacillus 
(Tyrothrix). 



Thick motile rods en- 
larging for the spores; 
obligat. aerobic. 

Bods in long chains. 



Masses of cocci. 

Threads of rods that 
bend in ?arious di- 
rections ; oval spores. 

Motile rods with spores. 

Motile rods, with spores 
in each end. 

Very small cocci, singly 
and in pairs ; serob. 

Cocci in short chains 
and bunches, colored 
by Gram. 

Straphylo and strepto.. 
and in zooglcea, col- 
ored by Gram. 

Large rods, motile, 
green-colored, due to 
chlorophyll; eerobic. 

Cocci in zooglcea. 



Large oval cocci in 
pairs; eerobic. 

Straight and bent rods 
in bundles ; motile. 



Large round cocci in 
chains of eight and 
more. 

Diplococci and tetrads ; 
aerobic. 

Small rods; spores; true 
anserobin. 



Amyloid substance. 



Blue pigment, not 
soluble in water, 
alcohol, or acid. 



Cherry-red pig- 
ment. 



Green pigment, sol- 
uble m alcohol. 

Green pigment, sol- 
uble in alcohol 
and water. 

Brown - red pig- 
meat ; foul odor. 

Citron yellow pig- 
ment. 



Cream-colored pig- 
ment. 
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BACTERIA.— Continued. 



Culture Characters. 


Actions. 


1 

I Habitat. 


Discoverer. 


Not cultivated. Forms butyric acid In 


Air, earth, and wa- 


Prazmowski 


- 


presence of lactic 


ter. 


and Van 




acid. 




Tiegham. 


Liquefy ; a deep-blue layer 




Water. 


Smith. 


on potato. 








Not liquefy ; nail-shaped in 




Air around old cul- 


Fiagge. 


test-tube. 




tures. 




Rapidly liquefy on surface, 




Cooked carrots and 


A. Koch. 


a network centre on po- 




beets. 




tato; round, light gray; 








grow rapidly. 










Causes albumin to fer- 
ment. 


Old cheese. 


Duclaux. 




Ferments milk, pro- 


Kefyr; grain. 


Kern. 




ducing the kefyr 








drink. 






On potato; rapidly-form- 


»•-••• 


Water 


List. 


ing cherry-red scum, not 
developed on gelatin. 














Not liquefy; small wax- 
like drops; thick gray 
layer on potato ; growth 




Pus. 


Passet. 








rapid. 








Not liquefy; dark-yellow 




Pus. 


Passet. 


colonies; wax-like ap- 








pearance. 








Liquefy ; greenish-yellow 




Water. 


Engelman. 


colonies. 








Yellow-green layer on gel- 




Boiled eggs. 


Cohn. 


atin. 








Not liquefy ; slow growth ; 
bright-red points. 




Air and water. 


FlQgge. 


Slow growth; after two 




Skin in eczema. 


Unna and 


weeks small yellow points 






Tommasoli. 










on potato; citron-yellow 








layer ; growth more 








rapid. 








Dirty cream-colored col- 




Water. 


List. 










and moist. 








Lemon-yellow colonies. 




Dust and blenor- 
rhagic pus. 


Bumm. 




Ferments milk, giving 


Fermenting albu- 


Duclaux. 




rise to alcohol. 


min. 
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CHIEF CHARACTERISTICS 



NON-PATHOGENIC 



Name. 


Genus. 


Biology. 


Product 


COHOBMTKICCM. 


Spirillum. 


Thick motile spirals 
with flagella ; aerobic. 




COBONATUS. 


Micrococcus. 


Ck>cci singly and strepto- 
cocci; terobic. 




COBYZJB. 


Microooocus. 


Large diplococci with 
rounded ends, the 


• •••>• 












contact surfaces flat. 




Cbepbsculum. 


Micrococcus. 


Bound and oval cocci, 
singly and in ssoogloea. 




Cyaneus. 


Micrococcus. 


Oval cells. 


Blue pigment. 


Cyanooenus (blue 


Bacillus. 


Motile rods in chains ; 


Alkali and a pig- 


mUk). 




spores; aerobic. 


ment deepen^ 
by acids. 


DiCHOTOMA. 


aadothrix. 


Various forms— rods, 
spirals, and cocci, in 
long threads. 




DiFFLUENS. 


Micrococcus. 


Oval cocci ; aerobic. 


Fluorescent pig- 
ment, soluble m 
water. 


DiSTOBTUS. 


Bacillus 


Motile rods; spores; 


AlkalL 




(Tyrothrix). 


aerobic. 




Dysodes. 


Bacillus. 


Long and short rods; 


An odor resembling 
peppermint and 
turpentine. 






spores. 


Endopa b agooicum. 


Spirillum. 


Pry motile snirals, join- 
ed in peculiar shapes. 










Ebythbospobus. 


Bacillus. 


Motile rods and 


Greenish - yellow 






threads ; spores, slen- 


pigment. 






der. 




FiGUBANS 


Hacillus. 


Large motile rods ; 




(mycoides). 




spores ; long threads ; 
aerobic. 




FiLIFOBMIS. 


Bacillus 


Short motile rods ; 






(Tyrothrix). 


spores in one end. 




FiSCUEBI. 


Bacillus. 




Phosphorescence. 


FlTZIANUS. 


Bacillus. 


Short rods in threads; 
spores as large as the 
rods. 
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BACTERIA —Continued. 



Culture Characters. 



Not liquefying; coDcentri- 
cally-disposed colonies; 
very slow growth; DOt 
growing on potato. 

A halo formed around the 
colonies. 

White, raised glassy col- 
onies, at first like pneu- 
mococci, later culture 
flattened ; not liquefying. 



Bluish-green colonies. 

Not liquefying ; small white 
colonies. 

Cultivated in infusion of 
plants. 

Do not liquefy ; small gran- 
ular, yellow, colonies ; 
green fluorescence. 



Does not liquefy; green 
fluorescence; white col- 
onies. 

Liquefying ; root-like pro- 
cesses extending In the 
gelatin ; feather form in 
test-tube. 



Not liquefying; requires 
peptone for growth. 

Transparent on surface ; 
dark centre in the deep; 
not liquefying. 

12 



Actions. 



No pathogenic action. 



Habitat. 



Changes milk to deep- 
blue color. 



Milk made viscid and 
casein precipitated. 



Causes casein to be ^)re- 
cipitated from milk. 



Putrefying blood. 



Air. 

Acute coryzal se- 
cretion. 



Putrefying infu- 
sions. 

Cooked potatoes. 

Air of certain coun 
tries. 

Water. 



Air. 

Air. 

Bread and y^ast. 



Trunk of worm- 
eaten tree. 

Air and putrefying 
substances. 

Garden-earth. 



Discoverer. 



Produces ethylic alco- 
hol in meat extract. 



Unboiled hay-infu- 
sion. 



Kitasato. 

Fliigge. 
Hajek. 

Cohn. 

Cohn. 
Fuchs. 

Cohn. 

Schroter. 

Duclaux. 
Zopf. 

Sorokin. 
Cohn. 

Flugge. 

Duclaux. 

Beyerinck. 

Zopf. 
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CHIEF CHARACTBRISTIOS 



NONPATHOGENIC 



Name. 



G«DUS. 



Biology. 



Product. 



Flava. 
Flavus. 

Flavus desidens. 

Flavus liquefa- 

CIENS. 

Flavus tardi- 
gradus. 

FlUORESCENS F(E- 
TIDUS. 



Fluorkscens 
liquefaciens. 

Fluorescens niva- 
lis. 



Fluorescens pu- 

TRIDUS. 



FOERSTBBI. 



FOETIDUM. 



FCBTIDUS. 

FUESCKNS. 

FULVUS. 

fuscus limbatus. 

fusiforme. 
Genicdlatus. 

GiGANTEUS URE- 
THRA. 



Sareina. 
Bacillus. 

Streptococcus. 

Micrococcus. 

Micrococcus. 

Micrococcus. 



Bacillus. 
Bacillus. 

Bacillus. 

Cladothrix. 
Clostridium. 



Micrococcus. 
Sareina. 
Micrococcus. 
Bacillus. 

Bacillus. 

BacillHs 
(Tyrothrix). 

Micrococcus. 



Small cocci iu packet.s. 
Small rods; immotile. 

Cocci and diplococci in 
chains; aerobic. 

Cocci and diplococci in 
zoogloea. 

Cocci in short chains, 
and diplococci. 

Small diplococci. 



Short motile rods ; very 
thin. 

Short rods ; motile. 



Motile rods ; short,with 
rounded ends. 



Threads twisted in 
spirals; very irreg- 
ular. 

Rods of varying length ; 
very motile; a large 
spore in one end; 
anserobic. 

See Crepescvlum^ with 

Round cocci. 

Short rods; very mo- 
tile ; facultatively 
anaerobic. 

Spindle-shaped, with 
pointed ends. 

Rods variable length; 
spores. 

Streptococci in thick 
knots. 



I 



Pigment. 
Pigment. 

Yellow-brown pig- 
ment. 

Pigment. 

Chrome-yellow pig- 
ment. 

Blue-green pig- 
ment : acids turn 
red. 



Green fluorescent 
pigment. 

Blue-green pig- 
ment. 



Green fluorescent 
pigment. 



Strong gas-produc- 
tion; very foul 
odor. 



which it is identi 



Brown pigment. 



A bitter substance. 
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BACTERIA.— Continued. 



Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Liquefying. 

Liquefying; yellow viscid 
colonies ; foul odor. 

Yellow porcelain-white col- 
on ies. 

Liquefying rapidly; yellow 
colonies. 

Softens gelatin ; yellow 
beads, isolated. 

Little button-like colonies 
that later on sink in, sur- 
rounded by violet-green 
color; liquefying; growth 
rapid. 

Liquefying ; white, sunken, 
iridescent colonies. 

iQuickly liquefying; growth 
rapid; small white points; 
later on, surrounded by 
blue-green fluorescence. 

Not liquefying; transparent 
at nrst, then green flu- 
orescence and urinary 
odor. 



Liquefving ; ^owth rapid ; 
small colonies that soon 
become filled up with 
fluid and assume a spher- 
ical form. 

cal. 

Conical rusty-red colonies. 

Small brown colonies, 
along needle-track little 
branches ; not liquefy. 



No growth on gelatin ; on 
agar, thin drops ; nearly 
transparent; very slow 

growth; in bouillon, a 
aky precipitate. 



Colors the glacial wa- 
ters green. 



Vomited matter. 
Drinking-water. 

Air and old cul- 
tures; water. 

Air and old cul- 
tures; water. 

Air. 

Post-nasal space. 



Water and air ; con- 
unctival sac. 

In snow and ice of 
Norway. 



All putrefactions. 



Lachrymal canal. 



Old cheese and se- 
rum of mice in- 
oculated with 
garden -earth. 



Excrement of horse, 
In foul eggs. 



Spongy layer on 
sea-water. 

Air and milk. 



Normal urine and 
urethra. 



Maoe. 

Flttgge. 

Flflgge. 

Fiagge. 

Klamann. 



Flflgge. 
Schmolck 



Flflgge. 



Cohn. 



Liborius. 



Cohn. 

Scheiben- 
zubei. 

Warning. 

Duclaux. 

Lustgarten. 
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CHIEF CHARACTERISTICS 



NON-PATHOGENIC 



Name. 


Genus. 


Biology. 


Product. 


Graveolens. 


Bacillus. 


Small rods, nearly as 
broad as they are 
long. 


Foul gas. 


HiEMATODES. 


Micrococcus. 


Cocci in little zooglcea. 


Red pigment. 


Hansenii. 


Bacillus. 


Medium large rods. 


Yellow pigment ; 
insoluble. 


HYAaNTH. 


Bacillus. 


Short rods in dumb- 
bell shapes. 




Hyalina. 


Sarcina. 


Round cocci in groups 
of 4 to 24. 




Ianthinus. 


Bacillus. 


See Bacillus vioUtceus. 




Indicus. 


Bacillus. 


Short motile rods; no 
spores ; anserobin 
facul. 


Scarlet pigment al- 
tered by heat. 


Ihtkstinalis. 


Sarcina. 


Very regular packets 
of cocci, eight in each. 




Jequirity. 


Bacillus. 


Medium-sized rods ; 
spores. 


Ferment called 
abrin. 


Et^HNIANA. 


Crenothrix. 


Long threads, breaking 
up into cocci. They 
are ensheathed. 




Lacteus favifor- 

MIS. 


Micrococcus. 


Diplococci; not decol- 
orized by Gram. 




Lactis erythrog- 

ENES. 


Bacillus. 


Short immotile rods; 
round ends. 


Yellow pigment 
and red pigment. 


Leptomitiformis. 


Beggiatoa. 


Filaments medium 
size. 




LEUCOMELiENUM. 


Spirillum. 


Two or three spirals; 
dark granular con- 
tents ; clear spaces 
between. 





LiNEOLA. 


Bacillus. 


Short motile rods in 
zoogloea,with flagella. 




LlODERHOS. 


Bacillus. 


Short motile rods ; 
rounded ends. 
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BACTERIA.— CoirriNUED. 



Culture Characters. 



Liquefying ; irregular gray- 
ish, later greenish, colo- 
nies, with very foul odor. 

Grows best on white of 
egg at 37° C. j red layer. 

On potato, a yellow growth 
wuich changes with age. 



Liquefying : oval colonies ; 
scarlet-colored. 



Colonies brick-colored from 
oxide of iron. 

Not liquefying; white col- 
onies; grow well on po- 
tato. 

Small, round yellow dots, 
later on cup-shaped, with 
rose-colored periphery ; 
liquefying. 



Slimy layer on potatoes. 

Liouefying; transparent, 
then thick layer on po- 
tato; like gum. 



Actions. 


Habitat. 


DIscoyerer. 




Skin between toes. 


Bordoni- 
Uffreduzzi. 




Sweat of man. 


Zopf. 




Yellow skin of 
nutrient infu- 


Rasmussen. 




sions. 






Slime of diseased 
hyacinth-bulbs. 


Wakker. 




Marshes. 


Eutzing. 




Intestine of mon- 
key. 


Koch. 




Intestine of fowls. 


Zopf. 


Ferment causes oph- 
thalmia. 


Infusion of jequir- 
ity bean. 


Sattler. 




Drinking-water of 
wells. 


Rabenhorst. 




Mucus of vagina 
and uterus. 


Bumm. 




In red milk and 
fseces. 


Hueppe and 
Grotenfeldt. 




Sulphur waters. 


Tr6visan. 




Water over rotting 
plants. 


Perty. 




Stagnant water. 


Mailer. 




Air and potatoes. 


Fliigge. 
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CHIEF CHARACTERISTICS 



NON-PATHOGENIC 



Name. 



I 



Oenus. 



Biology. 



Product. 



LiTORALIS. 

LiTOREUS. 

LiVIDUS. 

LUTBA. 

LUTEUS. 
LUTEUS. 
LUTEUS. 



Maidis 



Marsh. 
Megaterium. 

Melanosporus. 



Merismo-pedi- 
oides. 



Mesentericus fus- 
cus (potato). 

Mesentericus vul- 
GATUs (potato). 



Merismopedia. 

Bacillus. 

Bacillus. 

Sarcina. 

Bacillus. 

Micrococcus. 

Micrococcus. 



Bacillus. 



Spirillum. 
Bacillus. 

Bacillus. 
Bacillus. 



Bacillus. 



Bacillus. 



Cocci in groups of fours, 
containing sulphur. 

Oval rods, never in 
chains or zoogloea. 

Medium-sized rods ; 
motile. 



Cocci singly and in 
fours. 



Short immotile rods, 



with large oval spores. in water; acids 

intensify. 



Oval cocci. 



Diplococci very motile. 



Deep blue-black 
pigment. 



Pigment citron- 
yellow. 



Pigment ; soluble 



Rods with pointed 
ends ; very motile ; 
seldom in threads; 
oval spores. 

See Piicalile. 

Large motile rods ; 
spores; aerobic. 

Rods; serobic. 



Threads of rods which 
are formed from 
cocci-like spores; 
zoogloea in packets. 

Small motile rods with 
spores. 

Thick motile rods in 
threads; spores. 



Pigment, not acted 
upon by acid or 
alkali. 

Yellow pigment, 
turning brown- 
red. 



Black pigment, not 
acted upon by 
acids or alkalies. 



Diastase. 
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BACTERIA.— Continued. 



Coltare Characters. 



Actions. 



Habitat. 



Discoyerer. 



Ink-spot at first, slowly 
liouefying; blue-violet 
colored later on ; slow 
growth. 

Not liquefying; little eleva- 
tions ; citron-yellow cen- 
tre ; yellow layer on po- 
tato. 

Not liquefying; irregular 
in form; golden-yellow 
colored. 

Do not liquefying; small 
citron-yellow colonies on 
potato. 

Round, light-yellow col- 
onies, growing larger in 
a few days ; on potato a 
slimy covering with 
mouldy odor ; slowly liq- 
uefying. 

Gray points in deep, veil- 
like on surface; liquefy- 
ing; on potato, a wrink- 
led skin of brownish 
color. 



Yellow irregular masses; 
thick layer on potato. 

First gray, then black, pel- 
licle. 



Liquefying ; white colo- 
nies, rav-like periphery ; 
brown layer on potato. 

Yellow colonies, dark cen- 
tre, ciliary processes at 
periphery ; brown 1' ,yer 
on potato, penetrating 
the substance. 



In solutions of sugar 
an aldehyde pro- 
duced. 



Coagulates milk and 
forms diastase out of 
starch. 



Sea-water. 


Oersted and 
Rabenhorst. 


Sea-water. 


Warming. 


Berlin Water- 
works. 


Plogge and 
Proskauer. 


Air. 


Schroter. 


Air. 


FlOgge. 


Air. 


Schroter. 


Water. 


Adametz. 



In maize and in 
pellegra; faeces. 



Cooked cabbage. 
Air and potatoes. 



Stagnant water. 



Potato. 



Air and old pota- 
toes. 



PaltHuf and 
H eider. 



De Bary. 
Eidam. 

Zopf. 

Flagge. 
Fingge. 
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CHIEF CHARACTERISTICS 



NON-PATHOGENIC 



Name. 



Mesenteroides. 



Miller's. 



MiNUTA. 



MiRABILIS. 




Leuconostocci. 



Bacillus. 



MULTIPEDICULOSUS. 
MULTISEPTATA. 



Nasalis. 
Navicula. 

NiTRIFICANS. 
NiVEA. 

nodocus parvus. 

Oblonous. 

ochroleucus. 
Paludosa. 



Sarcina. 



Beggiatoa. 



Bacillus. 

Phragmidio- 
thrix. 



Micrococcus. 

Bacillus. 

Micrococcus. 

Beggiatoa. 

Bacillus. 

Micrococcus. 

Micrococcus. 
Sarcina. 



Masses of cartilaginous 
zoogloea, composed of 
rods' and cocci; ar- 
throspores. 

Delicate rods, slightly 
curved; immotue. 

Cube-shaped packets. 

Very wide threads, 
rounded ends and 
curled; sulphur gran- 
ules. 

Long, slender rods. 

Long threads, contain- 
ing cocci which are 
not free ; they have 
no sulphur, and are 
not enclosed in a 
sheath. 

Diplococci, motile; also 
streptococci. 

Spindle-shaped rods. 



Small cocci. 

Very thin filaments. 

Rods formed at angles ; 
immotile. 



Motile cocci, singly and 
in filaments ; ajrobic. 



Cocci in pairs and pack- 
ets; spores. 

Spherical, transparent, 
colorless coccL 



Product. 



Amyloid material. 
Forms saltpetre. 



Yellow pigment. 
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BACTERIA .—Continued. 



Culture Characters. 



Liauefies ; not growing on 
the surface. 

Grows slowly; reacts to 
iodine, turning blue. 



Insect-shaped colonies. 



Actions. 



Grayish points, raised, 
opaque ; rapid growth ; 
not liquefying. 



White flakes. 

Slow growth at 37° C. ; in 
agar a white line, which 
in the centre becomes 
porous. 

Grows best in cultures to 
which glucose and am- 
mon. tartrate have been 
added. 

Liquefying; slow growth; 
thin yellow membrane; 
sulphurous odor. 



Converts molasses into 
a gelatinous mass. 



Habitat. 



Causes gluconic fer- 
mentation. 



Beet-root juice. 

Caries of teeth. 

Sour milk. 
Sea-water. 



Potatoes. 
Sea-water. 



Nasal space and se- 
cretion. 

Potatoes. 

Soil. 

Sulphur waters. 

Urethral secretion. 



Beer. 



Discoverer. 



Urine. 



Water from sugar- 
factory. 



Cienkowski. 

Miller. 

DeBary. 
Cohn. 

Fiagge 



Hack. 

Relnke and 
Berthold. 

VanTiegham. 

Rabenhorst. 

Lustgarten. 



Boutroux. 



Prove. 



Schroter. 
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CHIKP CHARACTERISTICS 



NON-PATHOGENIC 



Name. 




Product. 



Pasteurianus. 



PFLtJGKRI. 

Phosphorescens 

6ELIDUS. 

Phosphorescens 

INDICUS. 

Phosphorescens, 
North Sea. 

Photometricus. 



Plicatile. 

polymyxa. 

Prodigiosus. 

Proteus mirabilis, 



Proteus vul- 
garis. 

Proteus Zenkeri. 
pseudo-diphthe- 

RIM. 



putripicus coli. 

Pyogenes tenuis, 
Radiatus. 



Radiatus. 



Bacillus. 

Bacillus. 
Bacillus. 
Bacillus. 
Bacillus. 

Bacillus. 

Spirillum. 

Clostridium. 

Bacillus. 

Bacillus. 

Bacillus. 
Bacillus. 
Bacillus. 



Bacillus. 

Micrococcus. 
Bacillus. 



Streptococcus. 



Differs from bacil. aceti 
in that the cells con- 
tain an amyloid mat- 
ter. 

Short rods in threads. 

Motile ; round, short 
rods; airobic. 

Large motile rods. 



Motile rods. 



Motile, 
rods. 



red-colored 



Lon^ motile, thin 
spirals ; round ends. 

Motile rods in threads 
with spores. 

Short motile rods ; 
aerobic. 

Very motile, short rods; 
aerobic. 

Rods sometimescurved, 
as spirillum. 

Motile rods. 

Small rods, similar to 
the true bacillus ; im- 
motile. 



Slender motile rods ; 
long threads ; spores. 

• • • ■ • 

Motile rods with round- 
ed ends; anaerobic; 
oval spores. 



Small cocci in chains. 



Phosphorescence. 
Phosphorescence. 
Phosphorescence. 
Phosphorescence. 



Sulphur and red 
ugment "* 

ty light 



pigment caused 



Amyloid, colored 
blue by iodine. 

Red pigment, sol- 
uble in alcohol 
trimethylamine. 



Strong • smelling 
gas. 
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BACTERIA.— Continued. 



Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Not liquerg; requires gla 
cose ; grows well on potato. 

Not liquefying ; grows best 
with glucose aud salt. 

Liquefying ; grows best at 
30° C. 

Liquefying; colonies look 
as if punched out ; grows 
best at 150 C. 

Movements depend upon 
light. 



Thick skin on potato. 

Little red colonies; lique- 
fying rapidly ; especially 
abundant on potatoes. 

Liquefying slowly ; opaque 
centre, irregular pro- 
cesses. 

Liquefying quickly. 

Not liquefy ing; thick white 
layer on potato. 

Grows at ordinary tem- 
perature, rapidly form- 
ing on surface a brown- 
ish ^rowtl ; pin-head 
colonies raised above sur- 
face ; not liquefying. 



On agar, a glassy growth. 

Liquefying; growth rapid; 
colonies like moulds, 
from centre radiating 
in all directions and 
through the gelatin ; the 
air must be excluded. 

Liquefying ; white colonies 
with greenish tinge ; fun- 
nel-shaped in test-tube. 



Causes fermentation in 
dextrin solutions. 



Not virulent. 



Decomposes albumen. 



Not pathogenic. 



Heavy beers. 

Putrid meat and 
fish. 

Salt fish. 
Tropical seas. 
Water around Kiel. 



Stagnant water. 



Bread and pota- 
toes. 

Putrefaction. 

Putrefaction. 

Putrefaction. 

In diphtheritic 
membrane and 
normal pharynx. ! 

Human fseces. 

Closed abscesses. 

In serum of white 
mice inoculated ' 
with earth. 

Air. 



Hansen. 

Ludwig. 
Forster. 
Fischer. 
Fischer. 

Engelman. 

Ehrenberg. 

Prazmowski. 

Ehrenberg. 

Hauser. 

Hauser. 
Hauser. 
Wellenhof. 



Bienstock. 

Rosenbach. 
Luderitz. 



Flttgge 
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CHIEF CHARACTERISTICS 



NON-PATHOGENIC 



Kame. 



Eamosus liquefa- 

CIBNS. 

Reitenbachii. 



ROSACEUS. 



Rosea. 



Rosea persbina. 



ROSEUM. 

Ruber. 

RUBKUH. 

RUFUM. 
RUGULA. 

Saprogenes. 

SCABER. 
SCHEURLEN'S. 



Septicus. 



Serpens. 




Bacillus. 
Merismopedia. 

Micrococcus. 

Sarcina. 

Beggiatoa. 



Spirillum. 

Bacillus. 
Spirillum. 

Spirillum. 

Spirillum 
(vibrio). 

Bacillus. 



Bacillus 
(Tyrothrix). 

Bacillus. 



Bacillus. 



Spirillum. 



Motile rods. 



Cocci in packets or 
plates ; colorless cell- 
wall containing chlo- 
rophyll. 

Large cocci in pairs and 
tetrads. 

Spherical cocci in cubi- 
cal packets. 

Long rods with cocci- 
shaped bodies in 
them, containing sul- 
phur and a red pig- 
ment. 

Very short cu rved rods ; 
motile and spores. 

Motile rods in groups. 

Motile; short spirilla; 
serobic. 

Long motile spirals. 

Motile rods, in long 
spirals, singly and in 
chains, with flagella 
and spores ; anaerobic. 

Large rods, terminal 
spores; facultatively 
anaerobic. 

Short motile rods in 
chains; spores; serobic, 

Short motile rods ; 
spores. 



Non-motile rods in 
threads and spoi'es; 
anaerobic. 

Lour, lively threads, 
with three windings. 



Product. 



Red pigment. 



Pigment called bac- 
terio-purpurin. 



Pigment soluble in 
alcohol. 

Brick-red pigment. 
Pale-rose pigment. 

Red-rose pigment. 



Ty rosin and leucin 
are formed. 
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BACTERIA.-— Continued. 



Culture Characters. 



Liquefying ; concentrical 
colonies ; funnel-shaped 
in test-tube. 



Not liquefying; small red 
knobs, with fsecal odor. 



Not liquefying ; thick vio- 
let colonies ; deep red on 
potato. 



Not liquefying ; grows slow- 
ly; pale-rose colonies. 



Liquefying rapidly ; round Causes cellulose to fer 



yellow dots with zone; 
fsecal odor. 

Grows slowly ; foul odor. 



Actions. 



Growth best at 89° C; 
slowly liquefying on po- 
tato ; a yellow, wrinkled 
skin, underneath which 
a red color. 



ment. 



Habitat. 



Air. 



Air. 



Marshes. 



Marshes. 



Discoverer. 



FlUgge. 
Caspary. 

FlQgge. 

Schr6ter. 

Zopf. 



Blennorrhagic pus. 



Boiled rice. 


Frank. 


Dead mice. 


Esmarch. 


Stagnant water. 

Vegetable infu- 
sions and tartar 
of teeth. 


Perty. 
MUller. 


Putrefaction. 


Roseubach 




Duclaux. 


In carcinomatous 
and normal mam- 
ma. 


Scheurlen. 


Putrid blood. 


Klein. 


Stagnant water. 


1 

Mailer. 



Mace. 
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CHIEF CHARACTERISTICS 



NON-PATHOGENIC 



Name. 



Genus. 




Product. 



8IMILIS. 




Bacillus. 


Spinosus. 




Bacillus. 


SUBFLAVUS. 




Micrococcus 


SUBTILIFORMIS. 




Bacillus. 


SuBTiLis (hay 
Gill us). 


ba- 


Bacillus. 


Syncyaneus. 




Bacillus. 


Synxanthus (yel- 
low milk). 


Bacillus. 


Tknue. 




Spirillum. 


Tenuis. 




Bacillus 
(Tyrothri3 



Termo. 



Trrmulus. 


Bacillus. 


TUMESCENS. 


Bacillus. 


TURGIDUS. 


Bacillus 
(Tyrothrix) 


Ulna. 


Bacillus. 


Undula. 


Spirillum. 


UREiK 


Bacillus. 



Urin/e. 



Bacillus. 



Sarcioa. 



Immotile rods; trand- 
parent spores. 

Large motile rods ; 
spores; true ansero- 
bin. 

Diplococci colored by 
Gram's fluid. 

Immotile rods in 
threads ; transparent 
spores. 

Large motile rods, three 
times longer than 
broad, in threads, 
with flagella and 
spores; aerobic. 

Same as Cyanogentu. 

Short, thin motile rods. 



Large motile spirals 
with flagella. 

Motile rods in long 
chains; spores. 

Short motile, cocci-like 
rods in zoogloea. 



Motile rods with flagel- 
la and large round 
spores. 

Short rods with spores. 

Short immotile rods in 
long chains ; spores ; 
aerobic. 

Very large rods in 
chains and singly ; 
not very motile; large 
spores. 

Long motile spirals, 
with flagella. 

Short rods ; spores ; 
serobic. 

Small cocci in families. 



Yellow pigment, 
soluble in water ; 
similar to aniline 
colors. 



Carbonate of am- 
monium. 



Ferment, propyla- 
mine. 
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BACTERIA.— Continued. 



Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Grows rapidly. 

LiquefyiDg; spiny periph- 
ery; foul odor due to 
methyl mercaptin. 

Liquefying ; yellow dots. 



Grows best at 37° C. 



Liquefying; gray centre, 
wreath-liKe border ; thick 
layer on potato. 



In boiled milk a yellow 
pigment is formed. 



Liquefying; opaque cen- 
tre, yellow layer next, 
and the periphery lobed ; 
funnel-shaped in test- 
tube. 



On boiled carrots a wrin- 
kled gelatinous disk. 

A pellicle formed on sur- 
face of milk ; a heavy 
precipitate beneath. 

On boiled egg little zoog- 
loea. 



Resembling a globule of 
fat; grows well in mu- 
cous urine. 



Albuminous decompo- 
sition. 



Precipitates casein ; 
forms a pellicle on 
milk. 



Splits urea into am- 
monii carbonas. 



Human faeces. 



Garden-earth. 



Vaginal secretion 
and lochial dis- 
charges. 

Human faeces. 



Soil and dust, hay, 
etc. 



Boiled milk and 
potatoes. 

Stagnant water. 

Fermenting cheese 
and milk. 

Connected with 
putrefaction of 
plants. 

Putrefying plants. 

Boiled carrots. 

Fermenting milk 
and cheese. 

Putrefying water 
and boiled eggs. 



Vegetable infusions. 
Stale urine. 

Bladder. 



Bienstock. 



LClderitz. 



Bumm. 



Bienstock. 



Ehrenberg. 



Ehrenberg. 

Ehrenberg. 
Duclaux. 

Dujardin. 



Zopf. 
Duclaux. 

Cohn. 

Mflller. 
Miquel. 

Welcker. 



192 



CHIEF CHARACTERISTICS 



NON-PATHOGENIC 



Name. 



Urocephalus. 

Ventricula. 
Ventriculi. 

Versicolor. 

ViOLACEUS. 

ViOLACEUS. 

ViRKNS. 
ViRESCENS. 

ViRGULA. 
ViRIDIS. 

ViSOOSUS. 

ViSCOSUS. 

VlTICULOSOS. 

VOLUTANS. 
ZOPFI. 




Bacillus 
(Tyrothrix). 

Sarcina. 

Bacillus. 



Micrococcus. 
Bacillus. 

Bacillus. 

Bacillus. 
Bacillus. 



Bacillus 
(Tyrothrix). 

Bacillus. 
Bacillus. 



Micrococcus. 

Micrococcus. 

Spirillum. 
Bacillus. 



Biology. 



Cylindrical motile rods 
with spores; ansero- 
bic. 

Cubical packets of 8 to 
64 cocci. 

Rods motile, often in 
bundles of four. 

Small cocci. 

Motile rods, round end ; 
spores. 

Immotile rods, forming 
large spores. 

Straight rods; spores; 

immotile ; green 

tinged. 
Short motile rods with 

flagella very broad. 



Slender immotile rods ; 
spores aerobic. 

Little immotile rods; 

oval spore, which is 

tinged green. 
Motile rods, rounded 

ends, usually in pairs. 



Streptococci of globular 
cells. 

Oval cocci in large 
groups. 

Long spirals with 
flagella. 

Long motile rods,break- 
ing up into spores 
I like cocci. 



Product. 



Violet pigment, sol- 
uble in alcohol. 

Violet pigment, 
like aniline. 

Supposed to con- 
tain chlorophyll. 

Deep-green pig- 
ment, turning 
yellow-brown. 



Green pigment. 



Gummy substance, 
called viscosa,and 
ferment. 
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BACTERIA.— Continued. 



Culture Charactei's. 



Not liquefying. 

Round colonies with dark 
centre ; slow growth ; not 
liquefying. 

Not liquefying ; iridescent 
yellow surface. 

Not liquefying ; centre deep 
violet; color remains on 
agar a long time. 

Liquefying;, transparent 
colonies, surrounded by 
violet zone. 



Deep round colonies, the 
vicinity colored green; 
grows on surface; slow 
growth ; not liquefying. 



Rapid growth, liquefying; 
small hair-like processes 
from colonies; later on, 
viscid and in threads, 
with green fluorescence. 



Actions. 



Peptonizes albumen. 



Mucoid fermentation 
in wine and beer. 



Not liquefying; a fine net- 
work in the colony ; mu 
coid layer on potato. 



Not liquefying; forms thick 
coils like braMed hair. 



Habitat. 


Discoverer. 


Fermenting milk. 


Duclaux. 


Contents of stom- 
ach. 


Goodsir. 


Stomach of dogs 
fed on meat. 


Raczynssky. 


Air. 


Flugge. 


Water. 


Zopf. 


Boiled potato and 
water. 


Schroter. 


Stagnant water. 


VanTiegham. 


Green sputum. 


Frick. 


Milk. 


Duclaux. 


Water. 


VanTiegham. 


Water and earth. 


Francland. 


Beer and wine. 


Pasteur. 


Air. 


FlUgge. 


Marshes. 


Ehrenberg. 


Intestinal contents 
of fowls. 


Kurth. 



13 
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CHIEF CHARACTERISTICS 









PART 11. 


Name. 


Genus. 


Biology. 


Product. 


Acute Yellow 


Micrococcus. 






Atrophy. 








Alvei. 


Bacillus. 


Rods with large spores. 




Amylivorus. 


Micrococcus. 


Oval cells, never iu 
chains. 


Forms butyric acid 


Anthrax. 


Bacillus. 


Straight rods, slightly 
concave ends ; immo- 
tile; serobic; spores. 


Toxalbumin. 


Articulorum 


Micrococcus. 


Oval cocci in long 




(diphtheriticus). 




chains, identical with 
pyogenes. 




Biskra Boil (Alep- 


Micrococcus. 


Cocci united often in 


• 


po boil). 




large numbers; ira- 
motile ; capsules 
around diplococci. 




BOMBYCIS. 


Micrococcus. 


Oval cocci in chains 
and zooglcea; motile. 




BUCCALIS. 


Leptothrix. 


Long threads in thick 
bundles, containing 
masses of cocci and 














spirals. 




Cattle Plague 




See Hcemorrhagic Septi 


ccemia and Swine 


(Texas fever). 








Cavicida. 


Bacillus. 


Little rods twice as long 


Propionic acid 






as broad. 


through decom- 
position of sugar. 


CHAUViEi (symp- 


Bacillus. 


Large rods with a spore 


Toxalbumin. 


tomatic anthrax), 




at one end, assuming 




(Rauschbrand). 




the Clostridium type ; 
motile ; never in 
threads ; true ansero- 
bin. 
Motile spiral-shaped 




Cholera Asiatics 


SpirUlum. 


Ptomaine-like mus- 






rods, often in chains ; 


carine ; and tox- 






very short flagella on 


albumin, soluble 






ends, and strictly 


in water. 






aerobic; spores have 








not been found. 
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PATHOGENIC BACTERIA. 



Culture Characters. 



Liquefying; growths ra- 
diating from centre 
downward; on potato a 
dry yellow layer. 



Liquefying; granular col- 
onies with irregular bor- 
der; on potato a dry, 
creamy layer; in test-tube 
a thorny, prickly track. 

Grows well on gelatin ; pale- 
gray colonies; not lique- 
fying; slow growth on 
potato. 

Liquefying; light-yellow 
colonies ; grow quickly. 



Ploffue. 

Not liquefying; irregular 
scale-like colonies, mak- 
ing the gelatin viscid. 

Liquefying ; opaque centre 
with ragged periphery ; 
in test-tube growth be- 
low, with gas formation. 



Liquefying slowly, small 
depresses scars giving 
a frosted appearance, or 
like ground glass ; on po- 
tato, a thin brown layer; 
in test-tube, a funnel- 
shaped liquefaction, with 
a bubble of air in the top, 
the funnel taking six or 
seven days to form well. 



Actions. 



Produces a disease in 
bees called " foul 
brood." 

"Fire-blight" in pear 
trees. 

Causes splenjc fever in 
animals ; malignant 
pustule in man. 



Fatal in mice and rab- 
bits. 



Produces the Aleppo or 
Biskra boil, common 
in Africa and Asia. 

Causes " flacherie " in 

silkworms. 
Causes dental caries. 



Kills guinea pigs. 



Causes " black leg," or 
Rauschbrand, in cat- 
tle. 



Causes cholera Asiatica 
in man and a similar 
trouble in animals. 



Habitat. 



Liver of yellow 

atrophy. 
Larva of bees. 



Found in tissues 
and excreta of 
diseased animals. 



Mucous membrane 
of diphtheria. 

Blood of the dis- 
ease. 



Intestines of silk- 
worms. 
Teeth slime. 



Human faeces. 



Animals aflfected 
with disease. 



Fseces of cholera 
patients. 



Discoverer. 



Eppinger. 

Cheshire and 
Cheyne. 



Burrill. 

Rayer and 
Davaine. 



Loffler and 
Cohn. 



Duclaux and 
Heyden- 
reich. 

B6champ. 

Robin. 



Brieger. 



Arloing, Car- 
nevin, and 
Thomas. 



Koch. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Name. 



Cholera galli- 
NARUM (chicken 
cholera). 

Cholera nostras 
(Finckler). 



COLI COMMUNIS. 



Crassus sputiq- 

ENUS. 




Bacillus. 



Spirillum. 



Bacillus. 



Decalvens. 
Dentalis 

DANS. 



VIRI- 



DlARRHCBA OF IN- 
FANTS. 



Bacillus. 

Micrococcus. 
Bacillus. 

Bacillus. 



DiARRHCEA OF 

Meat-poisoning. 

DiPHTHERIiE. 



Diphtheria of 

Calvks (Vitu- 

lorum). 
Diphtheria in 

Pigeons (Coluiu- 

barum). 



Bacillus. 

Bacillus. 

Bacillus. 
Bacillus. 



Immotile, cocci - like 
rods ; without spores ; 
strictly aerobic. 

Motile, comma-shaped 
rods ; strictly serobic. 



Short motile rods, 
slightly curved, with- 
out spores; faculta- 
tively anaerobic. 

Short, thick rods with 
rounded ends. 



Spherical cells in great 
numbers. 

Slightly curved rods, 
round ends. 



Motile, medium-sized 
rods ; spores ; serobic. 



Rods in groups of two 
and singly ; round 
ends; spores. 

Immotile, middle-sized 
rods, rounded ends; 
facultat. anaerobic. 

Long rods in threads. 



Product. 



Toxalbumin. 



Short rods in groups. 



I 



Gray pigment. 



Toxalbumin. 



Toxalbumin. 
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B A CTERI A .— nONTTNTJED. 



Culture Characters. 



Not liquefying; small iso- 
lated white disks ; in test- 
tube, a granular track; 
very faint. 

Liquefying rapidly ; col- 
onies yellow-brown thick 
masses ; in test-tube, fun- 
nel formed in 24 hours, 
dissolving all gelatin in 
two days; profuse gray 
mass on potato. 

Not liquefying; dark cen- 
tre, undulated periphery; 
green-colored layer on 
potato; milky layer on 
surface of test-tube. 

Not liquefying; oval grajr- 
ish, slimy colonies; nail- 
shaped growth in test^ 
tube. 



Not liquefying; round, 
sharply - outlined col- 
onies, with bluish-gray 
opalescence. 

Not liquefying ; green col- 
onies with foul odor. 



Not liquefying; little yel- 
lowish colonies ; a mem- 
branous layer on potato. 



Whitish Datches. 



Actions. 



Causes chicken cholera 
in fowls; not acting 
on man. 

Harmless in man ; fatal 
to guinea pigs. 



Fatal to guinea pigs 
and rabbits; causes 
diarrhoea in man. 



Habitat. 



Blood and faeces of 
diseased fowls. 



Faeces of cholera 
nostras and caries 
of teeth. 



Faeces of nursing 
infants: water; 
choleraic stools. 



Mice and rabbits die in Sputum. 
48 hours with gastro- 
enteritis. 



Causes alopecia areata. 

Septic processes and 
death in mice and 
pigs. 

Causes green diarrhoea 
in animals when in- 
travenously injected, 
and is the cause of 
green diarrhoea in 
infants. 

Causes death in ani- 
mals, with symptoms 
of septicaemia. 

Gives rise to diphtheria 
in man and animals. 

When inoculated in 
mice causes death. 

Necrosis in pigeons and 
othAr animals. 



In roots of hair. 
In caries of t«eth. 



Faeces of infants 
suffering from 
green diarrhoea. 



Blood and juices of 
choleraic diar- 
rhoea. 

Diphtheritic exu- 
date. 

Diphtheritic mem- 
brane of calf. 

Diphtheritic mem- 
brane in pigeons. 



Discoverer. 



Pasteur. 



Finckler and 
Prior. 



Escherich. 



Kreibohm. 



Thin. 



Miller. 



Lcsage. 



Klein. 



Loflaer. 



Loffler. 



Loffler. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Nama 



Genus. 



Duck Cholkra. 



Dysentery (epi- 
demic). 



Erysipelas of 
Swine (Rothlauf; 
rouget du pore). 



FCETIDUS OZJENM. 



Frog Plague. 
Gangrene. 

GlQANTEA. 



Gingiva pyog- 
enes. 



Glanders (Rotz, 
Mallei). 



Gonorrh(ea (Gono- 
coccus). 

Grouse Disease. 



H^MATOOOOCUS 
BOVIS. 



HiEMOPHILIA NEO- 
NATORUM. 



Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 
Micrococcus. 

Leptothrix. 
Bacillus. 

Bacillus. 

Micrococcus. 

Bacillus. 

Diplococcus. 



Biology. 



Product. 



Micrococcus. 



Similar to chicken chol- 
era bacillus; immo- 
tile. 



Short motile rods ; very 
thin. 



Small, slender motile 
rods ; facultatively 
anserobic. 



Short rods, very mo- 
tile; in pairs and 
chains. 



See Swine Plague. 
Oval cocci in zoogloea. 

Long rods, cocci and 
short rods in one; 
thread also spiral. 

Short thick rods with 
rounded ends. 



Slender, immotile rods, 
usually singly; spores; 
facultatively ansero- 
bic. 

Diplococci kidney- 
shaped; motile; do 
not color with Gram. 

Small rods and oval 
cocci in chains; im- 
motile. 

Cocci seldom in chains ; 
surrounded by a pale 
zone. 



Two vaccines, which 
give immunity. 



Foul gas. 
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BACTERIA.— Continued. 



Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Smad round yellow col- 
onies like wax-drops ; not 
liquefying. 



Not liquefying ; concentri- 
cally-arranged colonies ; 
dry yellow membrane on 
potato. 

Very delicate silver-gray 
clouds on the gelatin, like 
bone-cells; not liquefy- 
ing; in test-tube a very 
faint clouding. 

Small greenish colonies 
which soon become lique- 
fied and indistinguish- 
able: a foul odor pro- 
duced. 



Grayish colonies with foul 
odor. 



Growth rapid ; liquefying ; 
round colonies, visible to 
naked eye in 24 hours. 

Light yellow, like honey, 
colonies, turning red- 
brown in a few days. 

Grow on blood-serum. 



Not liquefying ; small scales 
which turn gray in a few 
days, the edges serrated. 

Best at 38° C. ; not liquefy- 
ing ; small white points ; 
sparse growth on potato ; 
transparent. 



Fatal for ducks, but not 
for chickens or pig- 
eons ; less active tnau 
chicken cholera ; 
causes diarrhoea and 
exhaustion. 

The cause of epidemic 
dysentery in man ; 
enteritis in guinea 
pigs. 

Causes erysipelas in 
swine and other ani- 
mals ; the (ierman 
"Rothlaur," French 
" rouget du pore." 

Mice are killed by in- 
jection ; rabbits af- 
fected with progres- 
sive gangrene. 



Causes caries of teeth. 



Fatal to mice, with sep- 
tic processes. 

Glanders is caused by 
the bacillus in man 
and animals. 

Gonorrhoea in man. 



Fatal for mice and 
guinea pigs. 

Fatal for rabbits and 
rats; hypereemia of 
lungs and spleen; 
blow! - exudate in 
peritoneal cavity. 

Supposed to be the 
cause of the disease. 



Blood of diseased 
ducks. 



In faeces and mesen- 
teric glands. 



Blood and organs 
of diseased ani- 
mals. 



Secretion of per- 
sons suffering 
from ozsena. 



Gangrenous tissue. 

Diseased teeth of 
animals. 

Suppurating pulp 
of tooth. 



In epithelium and 
ulcerated glands. 



Gonorrhoeal pus ; 
in pus-cells and 
epithelium. 

In blood and or- 
gans of diseased 
grouse. 

Blood and organs 
of animals dis- 
eased with haemo- 
globin uria. 

Found in this dis- 
ease. 



Cornil and 
Toupet. 



Chantemesse 
and Widal. 



LoflSer. 



Hajek. 



Eberth. 

Miller. 
Miller. 

Loffler. 

Neisser. 

Klein. 

Babes. 



Klebs. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Name. 


Goiius. 


Biology. 


Product. 


HEMORRHAGIC 


Bacillus. 


Short rods, twice as 


• • • • • 


Septicemia (In- 




long as broad; im- 




fectious Pleuro- 




motile. 




pneumonia, Wild 
Plague, German 














Swine Plague, 








Cattle Plague, 








Steer Plague.Rab- 








bit Septicaemia). 








Hog Cholera 


Bacillus. 


Very motile oval rods, 


Peptonizes milk 


(Swedish swine 




similar to hsemor- 


without coagula- 


plague). 




rhagic septicaemia. 


tion. 


INSECTORUM. 


Micrococcus. 


Oval cells in chains and 
zooglcea ; streptococci. 




LaCTIS iEROGENES. 


Bacillus. 


Short, thick immotile 
rods. 




Lepre. 


Bacillus. 


Slender, immotile rods 
with pointed ends. 




LiQUEFACIENS CON- 


Micrococcus. 


Single cocci ; never in 




JUNCTIVE. 




threads. 




Lupus. 


Bacillus. 


Same as Tuberculosis. 




Malaria. 


Bacillus. 


Rods In filaments, with 
spores at each end; 
aerobic. 




MalignantCEdema 


Bacillus. 


Large, slender rods, 


Soluble vaccine 


(Gangrenous 8ep- 
ticsemia, Vibrio 




rounded ends, often 






in threads ; motile, 




Septique). 




with flagella and 
spores ; strongly 
anaerobic. 




Mammitis of Co ws. 


Micrococcus. 


Oval cocci in chains; 
streptococci ; facul- 
tatively anserobic. 
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BACTERIA.— Continued. 



Culture Characters. 



White isolated pinhead 
points, not growing on 
potato ; best at 37° C. ; 
not liquefying. 



Very good growth on gel- 
atin and potatoes ; a yel- 
low-brown color. 



Small porcelain like disks 
with depressed centre; 
funnel-sha|ied in test- 
tube with gas. 

On blood - serum round 
white plaques with ir- 
regular borders. 

Liquefying; growth rapid ; 
colonies on surface, with 
little radiating branches 
from a dark centre ; those 
in deep, berry-shaped. 



Liquefying; thick centre, 
radiating periphery ; in 
high culture in test-tube, 
gas-bubbles arise, with 
foul odor. 

Not liquefying; brown, 
round granular colonies; 
grows slowly; in test-tube, 
heavy deposit along the 
needle's track. 



Actions. 



A disease having dif- 
ferent names in dif- 
ferent animals, cha- 
racterized by oedema, 
haemorrhage, and 
septicaemia. 



In experiment, ani- 
mal's death in four 
to ei^ht days; bac- 
teria in little emboli 
in capillaries. 

A contagious disease in 
the chinch-bug. 

Fatal to guinea pigs 
and rabbits; coagu- 
lates milk ; decom- 
poses sugary solu- 
tion^. 

Causes leprosy in man 
and animals. 

On cornea of rabbits 
causes slight cloud- 
ing. 



Produces fever in man 
and animals. 

Animals quickly die 
with extensive' gan- 
grene and oedema. 



Causes contagious mam- 
mitis in cows; coagu- 
lates milk. 



Habitat 



Blood and serum of 
diseased animals. 



Not spread through 
tissue, but in ca- 
pillaries of dis- 
eased swine. 

Stomach of chinch- 
bug. 

Faces of nursing 
infants and of 
cholerine. 



Leprous tissue. 



Normal human 
conjunctiva. 



Blood of malaria 
and air of ma- 
larial districts. 

Garden-earth. 



Mammary gland. 



Discoverer. 



Hueppe. 



Salmon and 
Selander. 



Burrill. 
Elscberich. 



Hansen. 



Gombert. 



Klebs and 
Tommasi- 
Crudeli. 

Pasteur. 



Nocard and 
Mollereau. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Kame. 



Genus. 



Biology. 



Product. 



Mammitis of 
Sheep. 

Metschnikowi. 



morbilli. 
Neapolitantjs. 

Noma. 



OXYTOCUS PERNI- 
CIOSUS. 



Pertussis. 



Pneumonia (Pneu- 
mococcus of Fried- 
lander). 



Pneumonia (Pneu- 
mococcus of FrSn 
kel ; Micrococcus 
of Pasteur). 



Pnkumonicis 

AOILIS. 

Proteus septicus. 



Micrococcus. 



Spirillum 
(vibrio). 



Micrococcus. 
Bacillus. 

Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 



Streptococci and in 
fours. 

Motile spirals with 
flagella; aerobic. 



Round motile cocci and 
diplococci. 

Small im motile rods, 
with rounded ends: 
no spores ; faculta- 
tively anaerobic. 

Small rods, with round- 
ed ends, growing of- 
ten in long threads. 



Short rods with round 
ends. 



Very thin rods ; motile ; 
spores. 



Short, immotile rods, 
singly or in diplococ- 
ci, surrounded with 
capsule; no spores; 
not colored with 
Gram: facultatively 
anaerobic. 

Short, oval rods, often 
in chains ; immotile ; 
no spores ; in the tis- 
sue surrounded with 
capsule, colored with 
Gram: facultatively 
anaerobic. 

Short, thick motile rods 
in pairs. 

Slightly curved rods, 
swelled in portions, 
sometimes in long 
threads: motile. 



An alkaline vac- 
cine which will 
cause immunity. 



Produces acids in 
gelatin cultures. 



Foul gas. 
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BACTERIA.— Continued. 



Culture Characters. 



Actions. 



Habitat. 



Discoverer. 



Liquefying; round centres 
with zone of liquefaction ; 
cone-shaped in test-tube. 

Grows (quickly; colonies, 
some like cholera Asiat- 
ica, others like cholera 
nostras; liquefying. 



Not liquefying ; thin pearl- 
like scales in several lay- 
ers; wrinkled and mu- 
cous layers on potato. 

Granular spherical colonies 
in the deep, flat on the 
surface; not liquefying; 
growth rapid; best at 35° 

Small yellow granular col- 
onies ; nail-culture in 
test-tube. 

Not liquefying ; thick yel- 
low culture on potato. 



Does not liquefy; grows 
quickly ; a button-like 
colony; in test-tube, as 
if a nail driven in the 
gelatin with head on sur- 
face. 

Does not liquefy; grows 
slowly ; small, well-de- 
fined masses; in test-tube, 
little separate globules, 
one above the otner. 



Liquefying ; dark granular 
colonies ; thick sediment 
in test-tube. 

Growth rapid; liauefying; 
colonies have foul odor, 
are small, thick branches, 
but soon all liquid. 



Found in the milk 
of diseased sheep. 



Causes contagious gan- 
grenous mammitis in 
sheep. I 

Causes vibrion septi- j Faeces of fowls, 
caemia in guinea pigs 
and pigeons. 

Supposed to have an Urine, blood, and 

catarrhal exuda- 
tions of measles. 

Cholera epidemic 
of Naples, 1884. 



intimate connection 
with measles. 

Causes death in some 
animals ; not the 
cause of cholera. 

No action on mice or 
rabbits. 



Intravenous injection 
causes death in mice 
and rabbits; turns 
milk acid. 

Said to be constantly 
present in whooping 
cough ; injected into 
trachea of young 
dogs, it produces 
broncho-pneumonia. 

An accompaniment of 
pneumonia, not a 
cause ; animals not 
affected. 



Causes pneumonia in 
man, septicaemia in 
animals; also serous 
inflammations in 
man, as pleurisy, per- 
itonitis, etc. 

Pneumonia in rabbits. 



Fatal for mice in one 
to three days. 



In necrotic tissue 
of noma. 



Sour milk. 



Phlegm of whoop- 
ing cough. 



Pneumonic and 
other sputum, 
and lung tissue. 



Sputum of lung af- 
fections and se- 
rous inflamma- 
tions. 



From rabbits* pneu- 
monia. 

From a child dying 
of intestinal gan- 
grene. 



Nocard. 



Gamaleia. 



Keating. 



Emmerich. 



Schimmel- 
busch. 



Wyssokow 
itsch. 



Afanassieff*. 



Friedlfinder. 



A. Frankel. 



Sclion. 



Babes. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 




PSEUDO- PNEUMO- 
NIA. 

PsiTTACi (perni- 
ciosus). 

Pyocyands. 



Pyocyaneus ^. 



Pyogenes (Strepto- 
coccus erysipela- 
tis— Fehleisen). 

Pyogenes albus. 



Pyogenes aureus 
(micrococcus of 
osteomyelitis — 
Becker). 

Pyogenes citreus. 

Pyogenes fcetidus. 



Bacillus. 

Micrococcus. 
Bacillus. 



Pyogenes tenuis. Micrococcus 



Bacillus. 



Micrococcus. 



Micrococcus. 



Micrococcus. 



Micrococcus. 
Bacillus. 



Rabies (Hydropho- 
bia). 



Relapsing Fever 
(Obermeier). 



Bacillus. 



Spirillum. 



Immotile, very short 
rods with capsule. 

Streptococci and zoog- 
loea. 

Thill motile rods; fa- 
cultatively anaerobic. 



Forms a brown-yellow 
pigment ; otherwise 
identical with above. 

Streptococci and zoog- 
Icea. 

Staphylococci and 
streptococci ; facul- 
tatively anaerobic. 

Staphylococci and zoog- 
loea ; facultatively 
anaerobic. 



Same as Pyogenes au- 
retis. 

Short motile rods in 
pairs. 






Cocci without definite 
arrangement. 

Very thin rods. 



Long, wavy spirals ; 
motile. 



Pyocyanin, a non- 
poisonous pig- 
ment. 



Ptomaine, toxal- 
bumin, and pig- 
ment. 



Ptomaine, which 
gives immunity 
when inoculateo, 
and cures. 
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Culture Characters. 



Not liquefying ; thick glis- 
tening brownish layer on 
potatoes. 



Liquefying; large, flat col- 
onies with greenish fluo- 
rescence ; on potato, yel- 
low-green skin, deeply 
coloring the pulp. 



Not liquefying; round 
punctimrm colonies; slow- 
growing. 

Liquefying; white opaque 
colonies. 

Liquefying: small colonies 
with a jrellow-orange pig- 
ment in centre j yeast- 
like smell ; a moist layer 
on potato. 

Colonies, citron-yellow 
color. 

Not liquefying; mucous 
layer on potato; very 
thick; in test-tube, a 
slight layer on surface, 
and small points along 
the track. 

On surface, transparent; 
thin growth ; grows 
slowly. 

A clouding in bouillon, 
which deposits itself in 
a few weeks. 

Cannot be cultivated. 



Actions. 



Septicemia in mice ; 
abscess in guinea 
pigs. 

Causes disease in gray 
parrots. 

Fatal for animals ; col- 
ors the dressings 
green. 



Suppuration and sep- 
ticaemia in animals. 

Suppuration and ab- 
scess. 

Causes abscesses and 
suppuration in man 
and animals. 



Suppuration. 
Fatal to animals. 



Habitat. 



From pus. 



In blood of par- 
rot's disease. 

Pus. 



Pus. 



Pus. 



Pus. 



Pus. 
Pus. 



Causes hydrophobia in 
animals. 



Causes fever in man 
and animals, and is 
the cause of relapsing 
fever. 



Pus of abscesses. 



From serum of ven- 
tricles and spinal 
cord. 

Blood of man dur- 
ing an attack of 
the disease. 



Discoverer. 



Passet. 



Wolff. 



Gessard. 



Ernst. 
Rosenbach. 
Rosenbach. 
Rosenbach. 



Passet. 
Passet. 



Rosenbach. 



Gibier, 
Mottet.and 
Protopnoff. 

Obermeier. 
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PATHOGENIC 



Name. 



Genus. 



RlIINOSCLKRMA. 

Salivarus pyog- 

BNES. 



Salivarus septi- 
cus. 



Salivarus septi- 
cus. 

Saprooenes No. II. 



Saprogenes No.III. 



SaPROGENES F(ETI- 
DUS. 



Senile Gangrene. 



SEPTICiEMIA after 

Anthrax. 

Septicemia of 
Mice. 



SEPTICiSMIA OF 

Rabbits (Cuni- 
culicida). 

Septicus acumina- 

TUS. 



Septicus 

EN us. 



AGRIG- 



Bacillus. 
Micrococcus. 

Bacillus. 

Micrococcus. 
Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 



Micrococcus. 



Bacillus. 



Bacillus. 



Bacillus. 



Bacillus. 




Product. 



See Pneumococcus of 

Very small round cocci 
and staphylococci. 

Short, immotile rods, 
encapsulated in pairs, 
sometimes long 

chain; serobic. 

Cocci singly and in 
zoogloea; eerobic. 

Short rods ; faculta- 
tively anserobic. 



Very short rods ; facul- 
tatively anaerobic. 

Immotile rods ; spores. 



Thin rods: immotile; 
singly arid in pairs; 
ends somewhat thick- 
ened ; serobic ; spores. 

Motile streptococci. 



Smallest bacillus 

known; immotile. 



See HcBTnorrluigic Sepii 



Thin, lancet-shaped 
rods ; very slender. 



Very short rods. 



FriedlSnder, with 



Foul gas. 



Foul gas. 



Foul gas. 



ccBinta. 



• • • • • 
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BACTERIA.— Continued. 



Culture Characters. 



which it is identical. 

Slowly liquefying; small 
white opalescent col- 
onies. 

Not liquefying; gray cir- 
cular colonies; trans- 
parent zone ; in test-tube, 
separated. 

Not liquefying; round col- 
onies ; separated dots in 
test-tube. 

Grows quickly; on agar, 
hyaline drops which 
quickly coalesce, and 
form a mucoid layer wit h 
" a foul odor, that of per- 
spiring feet. 

Forms a fluid gray band on 
agar; odor of putrefac- 
tion. 

Not liquefying; thin, trans- 
parent layer ; putrid odor. 



Round yellow colonies; 
liquefying in 36 hours; 
best growth at 37° C. 

In bouillon virulence de- 
stroyed. 

Not liquefying ; small floc- 
culent masses i n the deep; 

g'ows very slowly; in the 
st-tube producing a 
faint cloud. 



At 37° C. on blood-serum 
small transparent plates; 
later on, turning yellow. 

Not liquefying ; brown cen- 
tre, a nng, then yellow 
zone. 



Actions. 



Habitat. 



Discoverer. 



Local abscess in ani- 
mals. 

Fatal to animals. 



Fatal to animals. 



Produces septicaemia in 
rabbits. 



Suppuration in rabbit. 



Rabbits killed with 
large doses. 



Causes {gangrene in 
. mice, similar to se- 
nile gangrene of 
man. 

Septicsemia in rabbits, 
but not in chickens 
or guinea pigs. 

Septicaemia in house- 
mice, but not field- 
mice. 



Pathogenic for rabbits 
and guinea pigs; fever; 
and bacilli in blood 
and organs. 

Septicaemia in mice and 
rabbits. 



Saliva. 



Saliva of healthy 
persons. 



Saliva of puerperal 
women. 

Sweat of feet. 



Putrid marrow of 
bone. 



Mesenteric glands 
of swine with 
erysipelas and of 
heallny swine. 

In gangrenous tis- 
sue and blood of 
senile gangrene. 

Blood of animal 
dead from an- 
thrax. 

Putrefying liquids. 



Navel stump of 
child dead of 
septicaemia. 

Earth of recently- 
ploughed fields. 



Frisch. 
fiioudi. 

Biondi. 

Biondi. 
Rosenbach. 



Rosenbach. 



Schottelius. 



Tricomi. 



Charrin. 



Koch. 



Babes. 



Nicolaier 
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CHIEF CHARACTERISTICS 



Name. 



Septicus liquefa- 

CIENS. 



Septicus ulceris. 



Septicus vesicje. 



Smegma. 

Sputigenum. 
subflavus. 




Micrococcus. 



Bacillus. 



Bacillus. 



Bacillus. 

Spirillum. 
Micrococcus. 



Swine Plague 
(American and 
French). 



Sycosifkrus focti- 

DUS. 



JBacillus. 



Bacillus. 



PATHOGENIC 



Product. 



Streptococci and diplo- 
cocci. 



Oval rods ; motile. 



Rods always single; 
very motile ; oval 
spores. 



Slender curved rods, 
identical with syph- 
ilis. 

Curved, comma-shaped 
rods; motile. 

Diplncocci like gono- 
cocci ; colored by 
Gram. 



Gas ; no odor. 



Motile, oval rods, sim- 
ilar to that of hog 
cholera. 



Short, straight immo- 
tile rods, often in 
threads. 



Causes casein pre- 
cipitate in milk 
and acid forma- 
tion. 



On potatoes a foul 
or. 
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BACTERIA.— Continued. 



Gnlttire Gharacten. 




Liquefying; a tliin gran- 
ular streak, the surface 
sunken in; later, cone- 
like, the walls covered 
with leaf- shaped col- 
onies. 



Liquefying ; yellow 
onies, taken up with 
later on. 



col- 
gas 



Not liquefying ; small pin- 
heau colonies, growing 
slowly: never larger; a 
brown centre, yellow 
periphery. 

Not cultivated. 



Not cultivated. 



Growth slow; liquefying; 
on tenth day yellow 
points with thready 
boundary; on potato, a 
brown, thread - like 
growth after two weeks. 

Not liquefying ; growth 
similar to typnoia germ ; 
on potatoes good growth. 



Slow growth ; not liquefy- 
ing ; after four days, lit- 
tle white points, which 
do not change for several 
weeks, then the super- 
ficial ones are mucous- 
like; nail growth; on 
potatoes, rapid growth. 

14 



Pathogenic for mice 
and rabbits, produ- 
cing oedema, m the 
serum of which the 
cocci abound. 



An ulcer in inoculated 
animals, followed by 
paralysis and death. 

Pathogenic for mice 
and rabbits, produ- 
cing death. 



Supposed to be simUar 
to syphilis. 



Causes death in ani- 
mals. 

No result on mucous 
membrane; injected 
under skin, abscess, 
results. 



Found in American and 
French swine plague, 
in frog plague, and 
Texas fever ; animals 
afibcted locally. 

On human skin causes 
eruption, vesicular 
around hairs, then 
it becomes pustular; 
similar to sycosis. 



Habitat. 



Blood and organs 
of child dying of 
septicsemia. 



In blood of child 
with gangrenous 
ulcer. 

In urine of cys- 
titis. 



Normal preputial 
secretions. 



In caries of teeth 
and saliva. 

Normal secretion 
of vagina and 
urethra. 



Found in capil- 
laries in little em- 
boli; not spread 
in organs of dis- 
eased animals. 

From sycosis of the 
beard. 



Discoverer. 



Babes. 



Babes. 



Clado. 



Alvarez and 
Tavel. 



Lewis. 



Bumm. 



Billings, 
Rietsch, and 
Eberth. 



Tommasoli. 
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CHIEF CHARACTERISTICS 



PATHOGENIC 



Name. 



Genus. 




Product. 



Stphilis. 
Tetanus. 



Tbtraoemus. 



TOXICATUS. 



Trachoma 



TUBBBCULOSIS. 



Bacillus. 
Bacillus. 



Micrococcus. 



Micrococcus. 



Micrococcus. 



Bacillus. 



Tuberculosis zo- 

OtiL(EAIC. 



Typhoid. 



Typhoid ov Swine 
(swine plague). 

Tyrooenum 
(Dencke's). 



Micrococcus. 



Bacillus. 



Spirillum 
(vibrio). 



Thin rods, sometimes 
curved. 

Large, slender motile 
roas, with spores in 
one end, drumstick 
shape, often in 
threads ; true aneero- 
bic. 

Large round cells, uni- 
ted in groups, usual- 
ly of four, and sur- 
rounded by a cap- 
sule ; immotile ; sero- 
bic. 

Cocci singly and in 
pairs. 

Diplococci very small 
and division - line 
faint ; eerobic. 



Slender rods, usually 
in pairs ; not motile ; 
spores not definitely 
determined ; facul- 
tatively anserobic. 



Cocci in large zoog- 
Iceaic masses, evo- 
luted forms of tuber- 
cle bacillus. 

Slender motile rods, 
sometimes in threads; 
flagella, but no spores; 
facultatively ansero- 
bic. 

See Sioine Hague, 

Spiral - shaped rods ; 
eerobic. 



Ptomaines, teta- 
nine, tetanotox- 
ine, spasmotox- 
ine; also a tox- 
albumin. 



Kochine or parato- 
line, a glycerin 
extract of the 

Sure culture (tu- 
erculin). 



Typhotoxin and 
toxalbumin. 
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Culture Characters. 



Not cultivated. 



Liquefy gelatin slowly ; 
colonies have radiated 
appearance ; a thornv 
growth along the track 
in test-tube. 



Not liquefying ; little por- 
celain-like disks; thick 
slimy layer on potato. 



Along needle-line, white, 
wreath-like arrangement 
of small spheres, turning 
yellow ; best at 37° C. ; not 
liquefying. 

Grows best on blood-serum 
and glycerin agar at 37° 
C, forming little white 
crumbs on the surface; 
under microscope a hairy 
matted coil is seen; 
growths on potatoes 
when air-tight have been 
obtained. 



Not liquefying; little whet- 
stone>shaped yellow col- 
onies in the deep, and 
leaf-shaped ones on the 
surface ; on potato, a very 
transparent, moist layer. 



Liquefy rapidly ; small 
round colonies; dark 
funnel-shaped liquefac- 
tion in test-tube. 



Actions. 



Habitat. 



Discoverer. 



Supposed to cause syph- 



Produces tetanus in 
man and animals. 



Fatal to guinea pigs 
and white mice. 



Supposed to be the 
cause of J?Au« (poison 
ivy) poisoning. 

In rabbits no result, 
but on human cornea 
typical trachoma. 



Causes tuberculosis, lo- 
cal and general, in 
man and lower ani- 
mals. 



Gives rise to enteric 
or typhoid fever in 



man. 



Several animals have 
died from inocula- 
tions. 



In tissue and secre- 
tions of syphi- 
litics. 

£Iartb and manure. 



Found in cavern- 
ous phthisical 
lungs. 



Found in the Rhus 
toxicodendron. 

Found in follicles 
of Egyptian eye 
disease. 



In all organs and 
secretions of tu- 
bercular persons. 



In caseous nodules 
of tubercular ani- 
mals. 



Found in dejecta 
and spleen and 
urine of typhoid 
patients. 



From old cheese. 



Lustgarten. 



Nicolaierand 
Kitasato. 



Gaffky. 



Burrill. 



Sattler and 
Michel. 



Koch. 



Malassez and 
Vignal. 



Eberth. 



Dencke. 
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ABBfcS condenser, 26 
Achorion Schonleinii, 153 
Actinomyces, 154 
jErobin, 24 
Agar-agar, 51 

bouillon, 51 

glycerine, 52 
Air, examination of, 156 
Alexin, 70 
Anserobin, 24 
Anilin dyes, 30 

oil, 31 

oil water, 31 
Animals for experiment, 72 
Anthrax, 89 
Anthraxin, 92 
Anti-toxins, 65 

of diphtheria, 107 

of pneumonia, 124 

of tetanus, 137 

of tuberculosis, 102 
Arnold's sterilizer, 43 
Arthrospores, 22 
Aspergillus fumigatus, 154 

glaucus, 154 
Attenuation, 66 
Autoclave of Chamberland, 44 

BACILLUS acidi lactici, 80 
alvei, 148 
amylobacter, 81 
anthracis, 89 
avicidis, 44 
butyricus, 81 
capsule, 125 
coli communis, 112 
coeruleus, 84 
comma, 114 
erythrosporus, 84 



Bacillus fseees. 111 
fluorescens, 130 

liquefaciens, 84 
indicus, 77 
Klebs-Loffler, 105 
lactis cyanogenus, 82 

ervthrogenes, 82 
lepra, 102 
malarise, 140 
mallei, 103 
megaterium, 78 
melittophtharus, 148 
mesentericus vulgatus, 77 
Milzbrand, 89 
murisepticus, 147 
mycoides, 78 
Neapolitanus, 111 
oedematus maligni, 137 
of American swine plague, 146 
of anthrax, 89 
of bluish-green pus,- 130 
of cattle plague, 146 
of chicken cholera, 144 
of diphtheria, 105 
of French swine plague, 146 
of glanders, 103 
of hog cholera, 146 
of influenza, 126 
of malignant oedema, 137 
of mouse septicaemia, 147 
of ox plague, 146 
of rabbit septicaemia, 146 
of steer plague, 146 
of Swedish- Danish plague, 146 
of swine erysipelas, 147 
of symptomatic anthrax, 143 
of syphilis, 103 
of tetanus, 134 
of typhoid fever, 109 
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INDEX. 



Bacillus phosphoresoensgelidaSy 85 
indicus, 85 
indigenusy 85 

pneumo-, 120 

potato, 77 

prodigiosusy 76 

pyocjaneusy 130 
ft 131 

ramosus, 78 

smegma, 103 

spinosus, 80 

subtilis, 79 

tuberculosis, 93 

violaceus, 83 
Bacteria, 17 

antagonism of, 71 

asporogenicy 22 

as remedial agents, 71 

desmo-, 17 

effect on body, 65 

fluorescent, 84 

in air, 159 

in milk, 80 

in water, 83, 160 

in urine, 87 

infectious, 66 

life of, 23 

micro-, 17 

non-pathogenic, 76, 158 

of hemorrhagic septicsenua, 146 

of pneumonia, 119 

origin of, 23 

pathogenic, 25, 66, 89, 159 

phosphorescent, 85 

similar to cholei^ 117 

sphero-, 17 

spiro-, 17 

staining of, 30 

structure of, 18 

tables of, 170 

toxic, 66 

unstained, 27 

vital actions of, 24 
Bacteridie du charboU| 89 
Bacterium acidi lactici, 80 

seruginosum, 130 

Balticum, 86 

Fischeri, 86 

Pflugeri, 86 



Bacterium syncyanum, 82 

termo-, 149 

urese. 87 

zopfi, 79 
Beef extract, 46 
Beggiatoa alba, 86 
Benches for glass plates, 58 
Biedert's method, 99 
Black-leg, 144 
Blight, 149 
Blood-coagulum, 55 
Blood-serum as media, 52 

theory, 68 
Bouillon, 46 

gelatine, 49 

preparation of, 46 
Bread mash, 49 
Brood-oven, 52 
Brownian movements, 19 
Buchner's method, 65 

CATTLE plague, 146 
Cell contents, 18 
Cell wall, 18 
Cellular theory, 69 
Charbon symptomatiquey 143 
Charcoal filter, 161 
Chemical theory, 68 
Chemotaxis, 71 
Cholera, 114 

Cladothrix dichotoma, 86 
Classification, 17 
Clostridium, 21 

butyricum, 81 
Cohn's system, 17 
Cotton plugs, 45 
Cover-glass 8pecimenS| 34 
Crenothrix, S6 

Kuhniana, 86 
Cultivation, 40 

artificial, 40 

methods of, 40 

of anserobins, 63 
Cultures, appearances of, 60 

egg, 55 

filtration of, 65 

glass-plate, 56 

glass-slide, 56 

potato, 47 



INDEX. 
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Cultures, rolled, 60 
test-tube, 56 

DE BARY'S system, 18 
Decolorants, 31 
Diphtheria, 105 

Diplococcus albicans amplus, 133 
tardissimus, 133 
lanceolatus, 122 
of meningitis, 124 
of pneumonia, 120 
Disinfectants, 41 

heat as, 41 
Drying specimens, 34 

EFFECT of age, 25 
Endospores, 20 
Enteric fever, 109 
Esraarch's method, 63 

tubes, 60 
Examination of human body, 165 

of unstained bacteria, 84 
Experiments on animals, 71 

FAVUS, 153 
Fermentation, 25 
Filters, 160 

hot-water, 50 

Pasteur-Chamberland, 66, 161 

sand, 158 
Filtration of cultures, 65 
Fishing, 62 
Fission-fungi, 17 
Flagella, 19 

staining of, 39 
Fluorescence, 25 
Foul-brood, 144 
Frankel's borer, 163 

method for anserobins, 63 

stain for tubercle bacillus, 96 
Frog plague, 146 
Fuchsin, carbol, 31, 33 
Fungi, 151 
Fungus, ray, 164 

thrush, 152 

GABBETT'S stain, 33, 96 
Gas formation, 25 
Gelatine, 49 



Gelatine bouillon, 49 

carbolized, 109 

paste, 36 

plates, 150 
Gelatinous membrane, 18 
Germination, 21 
Gonococcus, 131 
Gonorrhoea, 131 
Gram's stain, 33 

HiEMAMCEBA, 142 
Hsematomonas malarise, 140 
Hsematozoa of malaria, 140 
Hanging-drop, 29 
Heat as disinfectant, 41 
dry, 41 
moist, 42 
Hemorriiagic septicaemia, 146 
Herpes tonsurans, 164 
Hesse's method for air, 166 

for anserobins, 63 
Hog cholera, 146 
Homogeneous lens, 26 
Hot-air oven, 41 
Hot-water filter, 60 
Hiippe's method, 64 

TMMERSION lens, 26 

X Immunity, 70 

Incubators, 52 

Inoculation of animals, 72 

lodin, 32 

Iris blender, 27 

Iron box for plates, 58 

KLATSCH preparations, 62 
Kochin, 101 
Koch's lymph, 101 
rules, 71 
stain, 32 
steam-chest, 42 
Kiihne's stain, 33 
method, 39 

L AVER AN, bodies of, 140 
Leptothrix buccalis, 86 
Leprosy, 102 

Liborius's method for anaerobins, 
63 
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Liquefaction of media, 25 

Locomotion, 18 

Loffler's alkaline stain, 32 

blood-serum, 106 

mordant, 33 
Lupus, 101 

MALARLA., 40 
Malignant oedema, 137 
Mallein, 105 

Material from animals, 74 
Media, nutrient, 46 

solid, 47 

transparent, 49 
Metschnikoff's theory, 69 
Microbe en huit, 144 
Micrococci similar to gonococcus, 

133 
Micrococcus amylivorus, 49 

cereus albus, 129 
flavus, 129 

cholera gallinarum, 144 

citreus conglomeratus, 133 

Indicus, 77 

of gonorrhoea, 131 

of mal de pis, 143 

of osteomyelitis, 129 

of sputum septicaemia, 122 

Pasteuri, 122 

pyogenes albus, 129 
aureus, 129 
citreus, 129 
tenuis, 129 

subflavus, 133 

tetragenus, 124 

urese, 87 
Micro-organisms of suppuration, 

126 
Microscope, 26 
Microsporon furfur, 153 
Milzbrand, 89 
Moist chamber, 47 
Mordants, 31 
Moulds, 153 

examination of, 154 
Mouse septicsemia, 147 
Movements, vibratory, 19 
Mucor mucedo, 153 
Mycoprotein, 18 



NAIL culture, 121 
Kitromonas, 164 
Nivellier apparatus, 58 
Nutrient meoia, 46 

ODOBS in cultures, 25 
Oidium, 152 
albicans, 152 
lactis, 152 
Oil immersion, 26 
Oxidation, 24 

PARASITES, 23 
Pasteur filter, 161 
Penici Ilium glaucum, 153 
Peptone solution, 55 
Petri's sand filters, 158 

saucer, 59, 162 
Phagocytes, 69 
Phosphorescence, 25 
Pigmentation, 25 
Plasmodium malarise, 140 
Platinum needles, 28 
Pneumo-bacillus, 120, 122 
Potato cubes, 48 

cultures, 47 

inoculation of, 48 

in test-tubes, 48 

mash, 49 
Products of tubercle bacilli, 100 
Proteus, 150 

mirabilis, 150 

vulgaris, 150 

Zenkeri, 150 
Ptomaines, 24, 65 
Putrefaction, 25 
Pyocyanin, 130 

RABBIT septicaemia, 146 
Rauschbrand, 144 
Reduction, 24 
Relapsing fever, 138 
Removing excess of stain, 35 
Ray fungus, 154 
Reproduction, 19 
Rotz, 103 
Rouget du pore, 147 
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SACCHAEOMYCES albicans, 
151 

cerevisise, 151 

mycoderma, 152 

niger, 151 

rosaceus, 151 
Saprophytes, 23 
Sarcina alba, 89 

aurantica, 89 

flava, 89 

lutea,88 

rosea, 89 

ventriculi, 89 
Schizomycetes, 17 
Schweinerotlauf, 147 
Sedgewick-Tucker method, 159 
Slides, concave, 29 
Soil, examination of, 163 
Solutions, composite, 31 

formulae of, 32 

saturated, 32 

stock, 30, 32 

weak, 32 
Soor, 152 
Spasmotoxin, 137 
Specimens, cover-glass, 34 

cutting of, 36 

drying of, 34 

Klatsch, 62 
Spirillum, 17 

cholerse, 114 

concentricum, 88 

Finkleri, 117 

of relapsing fever, 138 

rubrum, 88 

tyrogenum, 118 
Spirochsete Obermeieri, 138 
Spores, arthro-, 20, 22 

contents of, 21 

endo-, 20, 22 

formation of, 20, 22 

req^uisites for, 22 

resistance of, 22 

staining of, 38 
Sputum, hardened, 99 
Stain, alkaline, 31, 32 

aniline-water, 32 

chloroform methyl-blue, 83 

Gabbett's, 33 



Stain, Gram's, 33 

Koch's, 32 

Kiihne's, 33 

Loffler's, 32 

Unna's, 33 

Ziehl-Nielsen, 33 
Staining, Ernst's method of, 39 

general method of, 34 

Gram's method of, 38 

Kiihne's method of, 39, 105 

Loffler's method of, 104 

of blood for malaria germs, 141 

of capsule of bacillus of pneu- 
monia, 121 

of flagella, 39 

of milk, 83 

of spores, 38 

of sporogenic bodies, 39 

of tissue sections, 36, 38 

rapid method for bacillus tuber- 
culosis, 96 

slow method for bacillus tuber- 
culosis, 98 

solutions, 30 

special methods of, 38 

Weigert's method of, 39 
Staphylococcus, 18 

pyogenes aureus, 123 
Sterilization, 40 

fractional, 44 
Streptococcus, 18 

erysipelatis, 126 

puerperalis, 127 

pyogenes, 126 
Suppuration, 126 
Swme erysipelas, 147 

plague, 146 
System of Cohn, 17 

of De Bary, 18 

TEST-TUBES, 45 
Tetanin, 137 
Tetanotoxin, 137 
Tetanus, 134 
Thermo-regulator, 54 
Thrush, 152 
Tinea, 153 

Tissue preparations, 35 
Toxalbumens, 65 
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Toxins, 65 

Tricophjton tonsurans, 153 
Tuberculin, 101 
Tuberculocidin, 102 
Tuberculosis, 93 
Typhoid fever, 109 
Typhotoxin, 111 

VIBEIO Finkler-Prior, 117 
Metschnikovii, 118 
Vibrion septique, 131 



WATEB, bacteria in, 83, 117, 156 
examination of, 160 
Weigert's method of staining, 39 
Wire cages, 45 
Wolf hilgePs apparatus, 162 
Wild plague, 146 
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EASTS, 151 

examination of, 154 



ZIEHL'S solution, 33 
Zoogloea, 18 
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AN AMERICAN TEXT-BOOK OF PHYSIOLOGY. Edited by 
William H. Howell, Ph. D., M. D., Professor of Physiology in the 
Johns Hopkins University, Baltimore, Md. One handsome octavo volume 
of 1052 pages, fully illustrated. Prices : Cloth, ;J56.oo net; Sheep or Half- 
Morocco, $7.00 net. 

This work is the most notable attempt yet made in America to combine in 
one volume the entire subject of Human Physiology by well-known teachers 
who have given especial study to that part of the subject upon which they write. 
The completed work represents the present status of the science of Physiology, 
particularly from the standpoint of the student of medicine and of the medical 
practitioner. 

The collaboration of several teachers in the preparation of an elementary text- 
book of physiology is unusual, the almost invariable rule heretofore having been 
for a single author to write the entire book. One of the advantages to be derived 
from this collaboration method is that the more limited literature necessary for 
consultation by each author has enabled him to base his elementary account 
upon a comprehensive knowledge of the subject assigned to him ; another,' and 
perhaps the most important, advantage is that the student gains the f)oint of view 
of a number of teachers. In a measure he reaps the same benefit as would be 
obtained by following courses of instruction under different teachers. The 
different standpoints assumed, and the differences in emphasis laid upon the 
various lines of procedure, chemical, physical, and anatomical, should give the 
student a better insight into the methods of the science as it exists to-day. The 
work will also be found useful to many medical practitioners who may wish to 
keep in touch with the development of modern physiology. 

The main divisions of the subject-matter are as follows : General Physiology 
of Muscle and Nerve — Secretion — Chemistry of Digestion and Nutrition — 
Movements of the Alimentary Canal, Bladder, and Ureter — Blood and Lymph 
— Circulation — Respiration — Animal Heat — Central Nervous System — Special 
Senses — Special Muscular Mechanisms — Reproduction — Chemistry of the 
Animal Body. 
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AN AMERICAN TEXT-BOOK OF APPLIED THERAPEU- 
TICS. For the Use of Practitioners and Students. Edited by 
James C. Wilson, M. D., Professor of the Practice of Medicine and of 
Clinical Medicine in the Jeflferson Medical College. One handsome octavo 
volume of 1326 pages. Illustrated. Prices: Cloth, ^JJy.oo net; Sheep or 
Half- Morocco, ;S58.oo net. 

The arrangement of this volume has been based, so far as possible, upon 
modern pathologic doctrines, beginning with the intoxications, and following 
with infections, diseases due to internal parasites, diseases of undetermined 
origin, and finally the disorders of the several bodily systems— digestive, re- 
spiratory, circulatory, renal, nervous, and cutaneous. It was thought proper to 
include also a consideration of the disorders of pregnancy. 

The list of contributors comprises the names of many who have acquired dis- 
tinction as practitioners and teachers of practice, of clinical medicine, and of 
the specialties. 
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The articles^ with two exceptions, are the contributions of American writers. 
Written from the standpoint of the practitioner, the aim of the work is to facili- 
tate the application of knowledge to the prevention, the cure, and the allevia- 
tion of disease. The endeavor throughout has been to conform to the title of 
the book — Applied Therapeutics — ^to indicate the course of treatment to be 
pursued at the bedside, rather than to name a list of drugs that have been used 
at one time or another. 

While the scientific superiority and the practical desirability of the metric 
system of weights and measures is admitted, it has not been deemed best to 
discard entirely the older system of figures, so that both sets have been given 
where occasion demanded. 
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AN AMERICAN TEXT-BOOK OF OBSTETRICS. Edited by 
Richard C. Norris, M. D. ; Art Editor, Robert L. Dickinson, M. D. 
One handsome octavo volume of over 1000 pages, with nearly 900 colored 
and half-tone illustrations. Prices: Cloth, ^j^J.oo; Sheep or Half- Morocco, 
$8.00. 

The advent of each successive volume of the series of the American Text- 
Books has been signalized by the most flattering comment from both the Press 
and the Profession. The high consideration received by these text-books, and 
their attainment to an authoritative position in current medical literature, have 
been matters of deep international interest, which finds its fullest expression in 
the demand for these publications from all parts of the civilized world. 

In the preparation of the "American Text-Book of Obstetrics" the 
editor has called to his aid proficient collaborators whose professional prominence 
entitles them to recognition, and whose disquisitions exemplify Practical 
Obstetrics. While these writers were each assigned special themes for dis- 
cussion, the correlation of the subject-matter is, nevertheless, such as ensures 
logical connection in treatment, the deductions of which thoroughly represent 
the latest advances in the science, and which elucidate the best modem methods 
of procedure. 

The more conspicuous feature of the treatise is its wealth of illustrative 
matter. The production of the illustrations had been in progress for several 
years, under the personal supervision of Robert L. Dickinson, M. D., to whose 
artistic judgment and professional experience is due the most sumptuously 
illustrated work of the period. By means of the photographic art, combined 
with the skill of the artist and draughtsman, conventional illustration is super- 
seded by rational methods of delineation. 

Furthermore, the volume is a revelation as to the possibilities that may be 
reached in mechanical execution, through the unsparing hand of its publisher. 
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" At first glance we are overwhelmed by the magnitude of this work in several respects, 
viz. : First, by the size of the volume, then by the array of eminent teachers in this depart- 
ment who have taken part in its production, then by the profuseness and character of the 
illustrations, and last, but not least, the conciseness ^nd clearness with which the text is ren- 
dered. This is an entirely new composition, embodying the highest knowledge of the art as 
it stands to-day by authors who occupy the front rank in their specialty, and there are many 
of them. We cannot turn over these pages without being struck by the superb illustrations 
which adorn so many of them. We are confident that this most practical work will find 
instant appreciation by practitioners as well as students." — New York Medical Times. 

Permit me to say that your American Text-Book of Obstetrics is the most magnificent 
medical work that I have ever seen. I congratulate you and thank yon for this superb work, 
which alone is sufficient to place you first in the ranks of medical publishers. 

With profound respect I am sincerely yours, Alex. J. C. Skbnb. 
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AN AMERICAN TEXT-BOOK ON THE THEORY AND 
PRACTICE OF MEDICINE. By American Teachers. Edited 
by William Pepper, M. D., LL.D., Provost and Professor of the Theory 
and Practice of Medicine and of Clinical Medicine in the University of 
Pennsylvania. Complete in two handsome royal- octavo volumes of about 
looo pages each, with illustrations to elucidate the text wherever necessary. 
Price per Volume : Cloth, $5.00 net; Sheep or Half- Morocco, $6.00 net. 



TOLIJME I. COMTAIMS: 



Hygiene. — Fevers (Ei>hemeral, Simple Con- 
tinued, Typhus, Typhoid, Epidemic Cerebro- 
spinal Meningitis, and Relapsing). — Scarla- 
tina, Measles, Rotheln, Variola, Varioloid, 
Viccinia, Varicella, Mumps, Whooping-cough, 
Anthrax, Hydrophobia, Trichinosis, Actino- 



mycosis, Glanders, and Tetanus. — Tubercu- 
losis, Scrofula, Syphilis, Diphtheria, Erysipe- 
las, Malaria, Cholera, and Yellow Fever. — 
Nervous, Muscular, and Mental Diseases etc. 



TOI.V9IE II. CONTAINS: 



Urine (Chemistry and Microscopy). — Kid- 
ney and Lungs. — Air-passages (Larynx and 
Bronchi) and Pleura, — Pharynx, CEsophagus, 
Stomach and Intestines (including Intestinal 
Parasites), Heart, Aorta, Arteries and Veins. 



— Peritoneum, Liver.and Pancreas. — Diathet- 
ic Diseases (Rheumatism, Rheumatoid Ar- 
thritis, Gout, Lithxmia, and Diabetes.) — 
Blood and Spleen. — Inflammation, Embolism, 
Thrombosis, Fever, and Bacteriology. 



The articles are not written as though addressed to students in lectures, but 
are exhaustive descriptions of diseases, with the newest facts as regards Causa- 
tion, Symptomatology, Diagnosis, Prognosis, and Treatment, including a large 
number of approved formulae. The recent advances made in the study 
of the bacterial origin of various diseases are fully described, as well as the 
bearing of the knowledge so gained upon prevention and cure. The subjects 
of Bacteriology as a whole and of Immunity are fully considered in a separate 
section. 

Methods of diagnosis are given the most minute and careful attention, thus 
enabling the reader to learn the very latest methods of investigation without 
consulting works .specially devoted to the subject. 
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** We reviewed the first volume of this work, and said : ' It is undoubtedly one of the best 
text-books on the practice of medicine which we possess.' A consideration of the second 
and last volume leads us to modify that verdict and to say that the completed work is, in our 
opinion, thh best of its kind it has ever been our fortune 10 see. It is complete, thorough, 
accurate, and clear. It is well written, well arranged, well printed, well illustrated, and well 
bound. It is a model of what the modern text-book should be." — New York Medical yournal. 

" A library upon modern medical art. The work must promote the wider diffusion of 
sound knowledge," — American Lancet. 

" A trusty counsellor for the practitioner or senior student, on which he may implicitly 
re\y." — Edinburgh Medical journal. 
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For Sale by Subscription. 



AN AMERICAN TEXT-BOOK OF SURGERY. Edited by Wil- 
liam W. Keen, M. D., LL.D., and J. William White, M. D., Ph. D. 
Formii^ one handsome royal-octavo volume of 1250 pages (10x7 inches), 
with 500 wood-cuts in text, and 37 colored and half-lone plates, many of 
them engraved from original photographs and drawings furnished by the 
authors. Prices: Cloth, jjjj. 00 net; Sheep or Half- Morocco, ^8.00 net. 

SECOND EDITION, REVISED AND ENLARGED, 

With a Section devoted to *' The Use of the Rbntgen Rays in Surgery.'* 

The want of a text-book which could be used by the practitioner and at the 
same time be recommended to the medical student has been deeply felt, espe- 
cially by teachers of surgery; hence, when it was suggested to a number of 
these that it would be well to unite in preparing a text-book of this description, 
great unanimity of opinion was found to exist, and the gentlemen below named 
gladly consented to join in its production. While there is no distinctive Amer- 
ican Surgery, yet America has contributed very largely to the progress of modem 
surgery, and among the foremost of those who have aided in developing this art 
and science will be found the authors of the present volume. All of tbem are 
teachers of surgery in leading medical schools and hospitals in the United States 
and Canada. 

Especial prominence has been given to Surgical Bacteriology, a feature which 
is believed to be unique in a surgical text-book in the English language. Asep- 
sis and Antisepsis have received particular attention. The text is brought well 
up to date in such important branches as cerebral, spinal, intestinal, and pelvic 
surgery, the most important and newest operations in these departments being 
described and illustrated. 

The text of the entire book has been submitted to all the authors for their 
mutual criticism and revision — an idea in book- making that is entirely new and 
original. The book as a whole, therefore, expresses on all the important sur- 
gical topics of the day the consensus of opinion of the eminent surgeons who 
have joined in its preparation. 

One of the most attractive features of the book is its illustrations. Very 
many of them are original and faithful reproductions of photographs taken 
directly from patients or from specimens. 



COHTTRIBIITORS : 



Dr. Charles H Burnett, Philadelphia. 
Phineas S. Conner, Cincinnati. 
Frederic S. Dennis, New York. 
William W. Keen, Philadelphia. 
Charles B. Nancrede, Ann Arbor, Mich. 
Roswell Park. Buffalo, N. Y. 
Lewis S. Pilcher, New York. 



Dr. Nicholas Senn, ("hicago. 

Francis J. Shepherd, Montreal, Canada. 
Lewis A. Stimson, New York. 
William Thomson, Philadelphia. 
J. Collins Warren, Boston. 
J. William White, Philadelphia. 



".If this text-book is a fair reflex of the present position of American surgery, we must 
admit it is of a very high order of meric, and that English surgeons will have to look very 
carefully to their laurels if they are to preserve a position in the van of surgical practice."— 
London Lancet. 
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For Sale by Subscription. 



AN AMBRICAN TEXT-BOOK OF GYNECOLOGY, MEDICAL 
AND SURGICAL, for the use of Students and Practitioners. 
Edited by J. M. Baldy, M. D. Forming a handsome royal-octavo volume, 
with 360 illustrations in text and 37 colored and half-tone plates. Prices : 
Cloth, j^6.oo net; Sheep or Hall-Morocco, ^T.oo net. 

In this volume all anatomical descriptions, excepting those essential to a clear 
undei'standing of the text, have been omitted, the illustrations being largely de- 
pended upon to elucidate the anatomy of the parts. This work, which is 
thoroughly practical in its teachings, is intended, as its title implies, to be a 
working text-book for physicians and students. A clear line of treatment has 
been laid down in every case, and although no attempt has been made to dis- 
cuss mooted points, still the most important of these have been noted and ex- 
plained. The operations recommended are fully illustrated, so that the reader, 
having a picture of the procedure described in the text under his eye, cannot fail 
to grasp the idea. All extraneous matter and discussions have been carefully 
excluded, the attempt being made to allow no unnecessary details to cumber 
the text. The subject-matter is brought up to date at every point, and the 
work is as nearly as possible the combined opinions of the ten specialists who 
figure as the authors. 

The work is well illustrated throughout with wood-cuts, half-tone and 
colored plates, mostly selected from the authors' private collections. 



COHTTRIBUTORN : 



Dr. Henry T. Byford. 
John M. Baldy. 
£dwin Cragin. 
I. H. Etheridge. 
William Goodell. 



Dr. Howard A. Kelly. 
Florian Krug. 
E. E. Montgomery. 
William R. Pryor. 
George M. Tuttle. 



"The most notable contribution to gynecological literature since 1887 and the. most 

complete exponent of gynecology which we have. No subject seems to have been neglected, 
.... and the gynecologist and surgeon, and the general practitioner who has any desire 
to practise diseases of women, will find it of practical value. In the matter of illustrations 
and plates the book surpasses anything we have seen." — Boston Medical and Surgical 
yournal. 

**A valuable addition to the literature of Gynecology. The writers are progressive, 
aggressive, and earnest in their convictions." — Medical News, Philadelphia. 

** A thoroughly modem text-book, and gives reliable and well-tempered advice and in- 
struction." — Edinburgh Medical Journal. 

** The harmony of its conclusions and the homogeneity of its style give it an individuality 
which suggests a single rather than a multiple authorship." — Annals of Surgery. 

** It must command attention and respect as a worthy representation of our advanced 
clinical XKZ.c)\\n%." —American yournal 0/ Medical Sciences. 
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For Sale by Subscription. 

AN AMERICAN TEXT-BOOK OF THE DISEASES OF CHIL- 
DREN. By American Teachers. Edited by Louis Starr, M. D., 
assisted by Thompson S. Westcott, M. D. In one handsome royal-8vo 
volume of 1 1 90 pages, profusely illustrated with wood-cuts, half-tone and 
colored plates. Net Prices : Cloth, ^jJy.oo ; Sheep or Half-Morocco, $8.00. 

The plan of this work embraces a series of original articles written by some 
sixty well-known paediatrists, representing collectively the teachings of the most 
prominent medical schools and colleges of America. The work is intended to 
be a PRACTICAL book, suitable for constant and handy reference by the practi- 
tioner and the advanced student. 

One decided innovation is the large number of authors, nearly every article 
being contributed by a specialist in the line on which he writes. This, while 
entailing considerable labor upon the editors, has resulted in the publication of 
a work thoroughly new and abreast of the times. 

Especial attention has been given to the latest accepted teachings upon the 
etiology, symptoms, pathology, diagnosis, and treatment of the disorders of chil- 
dren, with the introduction of many special formulae and therapeutic procedures. 

Special chapters embrace at unusual length the Diseases of the Eye, Ear, 
Nose and Throat, and the Skin ; while the introductory chapters cover fully the 
important subjects of Diet, Hygiene, Exercise, Bathing, and the Chemistry of 
Food. Tracheotomy, Intubation, Circumcision, and such minor surgical pro- 
cedures coming within the province of the medical practitioner are carefully 
considered. 

CONTRIBUTORS : 



Dr. S. S. Adams, Washington. 

John Ashhurst, Jr., Philadelphia. 
A. D. Blackader, Montreal, Canada. 
Dillon Brown, New York. 
Edward M. Buckingham, Boston. 
Charles W. Burr, Philadelphia. 
W. E. Casselberry, Chicago. 
Henry Dwight Chapin, New York. 
W. S. Christopher, Chicago. 
Archibald Church, Chicago 
Floyd M. Crandall, New York. 
Andrew F. Currier, New York. 
Roland G. Curtin, Philadelphia 
I. M. DaCosta, Philadelphia. 
1. N. Danforth, Chicago. 
Edward P. Davis, Philadelphia. 
John B. Deaver, Philadelphia. 
G. E. de Schweinitz, Philadelphia. 
John Doming, New York. 
Charles Warrington Earle, Chicago. 
Wm. A. Edwards, San Diego, Cal. 
F. Forchheimer, Cincinnati. 
J. Henry Fruitnight, New York. 
Landon Carter Gray, New York. 
I. P. Crozer Griffith. Philadelphia. 
W. A. Hardaway. St. Louis. 
M. P Hatfield, Chicago. 
Barton Cooke Hirst, Philadelphia. 
H. Illoway, Cincinnati. 
Henry Jackson, Boston. 
Charles G. Jennings, Detroit. 
Henry Koplik. New York. 



Dr. Thomas S. Latimer, Baltimore. 
Albert R. Leeds, Hoboken. N. J. 
J. Hendrie Lloyd, Philadelphia. 
George Roe Lockwood, New York. 
Henry M. Lyman, Chicago. 
Francis T. Miles, Baltimore. 
Charles K. Mills, Philadelphia. 
John H. Musser, Philadelphia. 
Thomas R. Neilson, Philadelphia. 
W. P. Northrup, New York. 
William Osier, Baltimore. 
Frederick A. Packard, Philadelphia. 
William Pepper, Philadelphia. 
Frederick Peterson, New York. 
W. T. Plant, Syracuse, New York. 
William M. Powell, Atlantic City. 
B. Alexander Randall, Philadelphia. 
Edward p. Shakespeare, Philadelphia- 
F. C. Sha'ttuck, Boston. 
J. Lewis Smith, New York. 
Louis Starr, Philadelphia. 
M. Allen Starr, New York. 
J. Madison Taylor, Philadelphia. 
Charles W. Townsend, Boston. 
Tames Tyson, Philadelphia. 
W. S. Thayer, Baltimore. 
Victor C. Vaughan, Ann Arbor, Mich 
Thompson S. Westcott, Philadelphia. 
Henry R. Wharton, Philadelphia. 
~ William White, Philadelphia. 
[. C. WiUon, Philadelphia. 



J: 
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A NEW PRONOUNCING DICTIONARY OF MEDICINE, with 
Phonetic Pronunciation, Accentuation, Etymology, etc. By John 
M. Keating, M. D., LL.D., Fellow of the College of Physicians of Phila- 
delphia ; Vice-President of the American Paediatric Society ; Ex- President 
of the Association of Life Insurance Medical Directors ; Editor " Cyclo- 
paedia of the Diseases of Children," etc.; and Henry Hamilton, author 
of "A New Translation of Virgil's ^neid into English Rhyme;" co- 
author of " Saunders' Medical Lexicon," etc. ; with the Collaboration of 
J. Chalmers DaCosta, M. D., and Frederick A. Packard, M. D. 
With an Appendix containing important Tables of Bacilli, Micrococci, 
Leucomaines, Ptomaines, Drugs and Materials used in Antiseptic Sur- 
gery, Poisons and their Antidotes, Weights and Measures, Thermometric 
Scales, New Official and Unofficial Drugs, etc. One very attractive volume 
of over 800 pages. Second Revised Edition. Prices : Cloth, ^5.00 net ; 
Sheep or Half-Morocco, ^6.00 net; with Denison's Patent Ready- Refer- 
ence Index; without patent index. Cloth, $4.00 net; Sheep or Half- 
Morocco, $5.00 net. 

PROFESSIOMAI. OPIMIOMS. 

" I am much pleased with Keating's Dictionary, and shall take pleasure in recommending 
it to my classes." 

Hbnkv M. Lyman, M. D.. 
Professor 0/ Principles and Practice 0/ Medicine, Rush Medical College, Chicago, III. 

*' I am convinced that it will be a very valuable adjunct to my study-table, convenient in 
size and sufficiently full for ordinary use." 

C. A. LiNUSLBY, M. D., 
Professor 0/ Theory and Practice of Medicine, Medical Dept. Yale University: 

Secretary Connecticut State Board 0/ Health, New Haven, Conn^ 



AUTOBIOGRAPHY OF SAMUEL D. GROSS, M, D., Emeritus Pro- 
fessor of Surgery in the Jefferson Medical College of Philadelphia, with 
Reminiscences of His Times and Contemporaries. Edited by his sons, 
Samuel W. Gross, M. D., LL.D., late Professor of Principles of Surgery 
and of Clinical Surgery in the Jefferson Medical College, and A. Haller 
Gross, A. M., of the Philadelphia Bar. Preceded by a Memoir of Dr. 
Gross, by the late Austin Flint, M. D., LL.D. In two handsome volumes, 
each containing over 400 pages, demy 8vo, extra cloth, gilt tops, with fine 
Frontispiece engraved on steel. Price per Volume, $2.^0 net. 

This autobiography, which was continued by the late eminent sui^eon until 
within three months of his death, contains a full and accurate history of his 
early struggles, trials, and subsequent successes, told in a singularly interesting 
and charming manner, and embraces short and graphic pen-portraits of many 
of the most distinguished men — ^surgeons, physicians, divines, lawyers, states- 
men, scientists, etc. — with whom he was brought in contact in America and in 
Europe ; the whole forming a retrospect of more than three-quarters of a century. 
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SURGICAL PATHOLOGY AND THERAPEUTICS. By John 
Collins Warren, M. D., LL.D., Professor of Surgery, Medical Depart- 
ment Harvard University ; Surgeon to the Massachusetts General Hospital, 
etc. A handsome octavo volume of 832 pages, with 136 relief and litho- 
graphic illustrations, 33 of which are printed in colors, and all of which 
were drawn by William J. Kaula from original specimens. Prices : Cloth, 
j^6.oo net ; Half- Morocco, $7.00 net. 

** The volume is for the bedside, the amphitheatre, and the ward. It deals 
with things not as we see them through the microscope alone, but as the prac- 
titioner sees their effect in his patients ; not only as they appear in and affect 
culture-media, but also as they influence the human body ; and, following up 
the demonstrations of the nature of diseases, the author points out their logical 
treatment." {^New York Medical Journal). " It is the handsomest specimen 
of book-making * * * that has ever been issued from the American medical 
press " (American Journal of the Medical Sciences, Philadelphia). 

Without Bxception, the Illustrations are the Best ever Seen in a 

Work of this Kind. 

''A most striking and very excellent feature of this book is its illustrations. Without ex- 
ception, from the point of accuracy and artistic merit, they are the best ever seen in a work 
of this kind, * * * Many of those representing microscopic pictures are so perfect in their 
coloring and detail as almost to give the beholder the impression that he is looking down the 
barrel of a microscope at a well-mounted section." — Annals of Surgery, Philadelphia. 

PATHOLOGY AND SURGICAL TREATMENT OF TUMORS. 

By N. Senn, M. D., Ph. D., LL. D., Professor of Practice of Surgery and 
of Clinical Surgery, Rush Medical College ; Professor of Surgery, Chicago 
Polyclinic ; Attending Surgeon to Presbyterian Hospital ; Surgeon-in-Chief, 
St. Joseph's Hospital, Chicago. One volume of 710 pages, with 515 
engravings, including full-page colored plates. Prices: Cloth, ;^6.oo net; 
Half-Morocco, $7.00 net. 

Books specially devoted to this subject are few, and in our text-books and 
systems of surgery this part of surgical pathology is usually condensed to a de- 
gree incompatible with its scientific and clinical importance. The author spent 
many years in collecting the material for this work, and has taken great pains 
to present it in a manner that should prove useful as a text-book for the student, 
a work of reference for the busy practitioner, and a reliable, safe guide for the 
surgeon. The more difiicult operations are fully described and illustrated. More 
than one hundred of the illustrations are original, while the remainder were 
selected from books and medical journals not readily accessible. 

" The most exhaustive of any recent book in English on this subject. It is well illus- 
trated, and will doubtless remain as the principal monograph on the subject in our language 
for some years. The book is handsomely illustrated and printed, .... and the author has 
given a notable and lasting contribution to surgery." — yournal of American Medical As so- 
ciationt Chicago. 



12 JV. B. SAUNDERS 



MEDICAL DIAGNOSIS. By Dr. Oswald Vierordt, Professor of 
Medicine at the University of Heidelberg. Translated, with additions, 
from the Second Enlai^ed German Edition, with the author's permission, 
by Francis H. Stuart, A. M., M. D. Third and Revised Edition. In 
one handsome royal -octavo volume of 700 pages, 178 fine wood-cuts in 
text, many of which are in colors. Prices : Cloth, ^..00 net ; Sheep or 
Half- Morocco, $5.00 net. 

In this work, as in no other hitherto published, are given full and accurate 
explanations of the phenomena observed at the bedside. It is distinctly a clin- 
icail work by a master teacher, characterized by thoroughness, fulness, and accu- 
racy. It is a mine of information upon the points that are so often passed over 
without explanation. Especial attention has been given to the germ-theory as a 
factor in the origin of disease. 

This valuable work is now published in German, English, Russian, and 
Italian. The issue of a third American edition within two years indicates the 
favor with which it has been received by the profession. 

THE PICTORIAL ATLAS OF SKIN DISEASES AND SYPHI- 
LITIC AFFECTIONS. (American Edition.) Translation from 
the French. Edited by J. J. Pr ingle, M. B., F. R. C. P., Assistant Phy- 
sician to, and Physician to the department for Diseases of the Skin at, the 
Middlesex Hospital, London. Photo-lithochronies from the famous models 
of dermatological and syphilitic cases in the Museum of the Saint-Louis 
Hospital, Paris, with explanatory wood -cuts and letter-press. In 12 Parts, 
at $3.00 per Part. Parts I to 8 now ready. 

•* The plates are beautifully executed." — ^Jonathan Hutchinson, M. D. (London 
Hospital). 

'^ The plates in this Atlas are remarkably accurate and artistic reproductions of typical 
examples of skin disease. The work will be of great value to the practitioner and student." 
— William Anderson, M. D. (St. Thomas Hospital). 

" If the succeeding parts of this Atlas are to be similar to Part i, now before us, we have 
no hesitation in cordially recommending it to the favorable notice of our readers as one of 
the finest dermatological atlases with which we are acquainted." — Glasgow Medical Journal ^ 
Aug., 1895. 

" Of all the atlases of skin diseases which have been published in recent years, the present 
one promises to be of greatest interest and value, especially from the standpoint of the 
general practitioner." — Attterican Medico-Surgical Bulletin, Feb. 22, 1896. 

''The introduction of explanatory wood-cuts in the text is a novel and most important 
feature which greatly furthers the easier understanding of the excellent plates, than which 
nothing, we venture to say, has been seen better in point of correctness, beauty, and genetal 
merit." — Ne^v York Medical Journal , Feb. 15, 1896. 

" An interesting feature of the Atlas is the descriptive text, which is written for each picture 
by the physician who treated the case or at whose instigation the models have been made. 
We predict for this truly beautiful work a large circulation in all parts of the medical world 
where the names St. Louis and Baretta have preceded it." — Medical Record^ N. Y., Feb. i, 
1896. 
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PRACTICAL POINTS IN NURSING. For Nurses in Private 
Practice. By Emily A. M. Stoney, Graduate of the Training-School 
for Nurses, Lawrence, Mass. ; Superintendent of the Training-School for 
Nurses, Carney Hospital, South Boston, Mass. 456 pages, handsomely 
illustrated with 73 engravings in the text, and 9 colored and half-tone 
plates. Cloth. Price, $1.75 net. 

SECOND EDITION, THOROUGHLY REVISED. 

In this volume the author explains, in popular language and in the shortest 
possible form, the entire range oi private nursing as distinguished from hospital 
nursing, and the nurse is instructed how best to ineet the various emergencies of 
medical and surgical cases when distant from medical or surgical aid or when 
thrown on her own resources. 

An especially valuable feature of the work will be found in the directions to 
the nurse how to improvise everything ordinarily needed in the sick-room, where 
the embarrassment of the nurse, owing to the want of proper appliances, is fre- 
quently extreme. 

The work has been logically divided into the following sections : 

I. The Nurse : her responsibilities, qualifications, equipment, etc. 
II. The Sick- Room : its selection, preparation, and management. 

III. The Patient : duties of the nurse in medical, surgical, obstetric, and gyne- 

cologic cases. 

IV. Nursing in Accidents and Emergencies. 
V. Nursing in Special Medical Cases. 

VI. Nursing of the New-born and Sick Children. 
VII. Physiology and Descriptive Anatomy. 

The Appendix contains much information in compact form that will be found 
of great value to the nurse, including Rules for Feeding the Sick ; Recipes for 
Invalid Foo<ls and Beverages ; Tables of Weights and Measures ; Table for 
Computing the Date of Labor ; List of Abbreviations ; Dose-List ; and a full 
and complete Glossary of Medical Terms and Nursing Treatment. 

**Thjs is a well-written, eminently practical volume, which covers the entire range of 
private nursing as distinguished from hospital nursing, and instructs the nurse how best to 
meet the various emergencies which may arise and how to prepare everything ordinarily 
needed in the illness of her patient." — American Journal of Obstetrics and Diseases of" 
Women and Children ^ Aug., 1896. 

A TEXT-BOOK OF BACTERIOLOGY, including the Etiology and 
Prevention of Infective Diseases and an account of Yeasts and Moulds, 
Haemalozoa, and Psorosperms. By Edgar M. Crookshank, M. B., Pro- 
fessor of Comparative Pathology and Bacteriology, King's College, London. 
A handsome octavo volume of 700 pages, with 273 engravings in the text, 
and 22 original and colored plates. Price, ^^^6.50 net. 

This book, though nominally a Fourth Edition of Professor Crookshank's 
** Manual of Bacteriology," is practically a new work, the old one having 
been reconstructed, greatly enlarged, revised throughout, and largely rewritten, 
forming a text-book for the Bacteriological Laboratory, for Medical Ofticers of 
Health, and for Veterinary Inspectors. 
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A TEXT-BOOK OF HISTOLOGY, DESCRIPTIVE AND PRAC- 
TICAL. For the Use of Students. By Arthur Clarkson, M. B., 
CM., Edin., formerly Demonstrator of Physiology in the Owen's College, 
Manchester; late Demonstrator of Physiology in the Yorkshire College, 
Leeds. Large 8vo, 554 pages, with 22 engravings in the text, and 174 
beautifully colored original illustrations. Price, strongly bound in Cloth, 
;^6.oo net. 

The purpose of the writer in this work has been to furnish the student of His- 
tology, in one volume, with both the descriptive and the practical part of the 
science. The first two chapters are devoted to the consideration of the general 
methods of Histology ; subsequently, in each chapter, the structure of the tissue 
or organ is first systematically described, the student is then taken tutorially over 
the specimens illustrating it, and, finally, an appendix affords a short note of the 
methods of preparation. 

"We would most cordially recommend it to all students of histology." — Dublin Medical 
yournal. 

** It is pleasant to give unqualified praise to the colored illustrations ; . . . the standard is 
high, and many of them are not only extremely beautiful, but very clear and demonstra- 
tive. . . . The plan of the book is excellent." — Liverpool Medical yournal. 

ARCHIVES OF CLINICAL SKIAGRAPHY. By Sydney Rowland, 
B. A., Camb. A series of collotype illustrations, with descriptive text, 
illustrating the applications of the New Photography to Medicine and Sur- 
gery. Price, per Part, ;J5i.OO. Parts L to V. now ready. 

The object of this publication is to put on record in permanent form some of 
the most striking applications of the new photography to the needs of Medicine 
and Surgery. 

The progress of this new art has been so rapid that, although Prof. RSntgen's 
discovery is only a thing of yesterday, it has already taken its place among the 
approved and accepted aids to diagnosis. 

WATER AND WATER SUPPLIES. By John C. Thresh, D. Sc, 
M. B., D. P. H., Lecturer on Public Health, King's College, London ; 
Editor of the "Journal of State Medicine," etc. i2mo, 438 pages, illus- 
trated. Handsomely bound in Cloth, with gold side and back stamps. 
Price, JS52.25 net. 

This work will furnish any one interested in public health the information 
requisite for forming an opinion as to whether any supply or proposed supply 
is sufficiently wholesome and abundant, and whether the cost can be considered 
reasonable. 

The work does not pretend to be a treatise on Engineering, yet it contains 
sufficient detail to enable any one who has studied it to consider intelligently any 
scheme which may be submitted for supplying a community with water. 
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DISEASES OF THE EYE. A Hand-Book of Ophthalmic Prac- 
tice. By G. E. DE SCHWEINITZ, M. D., Professor of Ophthalmology in 
the Jefferson Medical College, Philadelphia, etc. A handsome royal- 
octavo volume of 679 pages, with 256 fine illustrations, many of which are 
original, and 2 chromo-lithographic plates. Prices: Cloth, %^.OQ net; 
Sheep or Half-Morocco, %^.oo net. 

The object of this work is to present to the student, and to the practitioner 
who is beginning work in the fields of ophthalmolc^, a plain description of the 
optical defects and diseases of the eye. To this end special attention has been 
paid to the clinical side of the question ; and the method of examination, the 
symptomatology leading to a diagnosis, and the treatment of the various ocular 
defects have been brought into prominence. 

SECOND EDITION, REVISED AND GREATLY ENLARGED. 

The entire book has been thoroughly revised. In addition to this general 
revision, special paragraphs on the following new matter have been introduced : 
Filamentous Keratitis, Blood-staining of the Cornea, Essential Phthisis Bulbi, 
Foreign Bodies in the Lens, Circinate Retinitis, Symmetrical Changes at the 
Macula Lutea in Infancy, Hyaline Bodies in the Papilla, Monocular Diplopia, 
Subconjunctival Injections of Germicides, Infiltration- Anaesthesia, and Steriliza- 
tion of Colly ria. Brief mention of Ophthalmia Nodosa, Electric Ophthalmia, 
and Angioid Streaks in the Retina also finds place. An Appendix has been 
added, containing a full description of the method of determining the corneal 
astigmatism with the ophthalmometer of Javal and Schiotz, and the rotations 
of the eyes with the tropometer of Stevens. The chapter on Operations has 
been enlarged and rewritten. 

** A clearly written, comprehensive manual. . . . One which we can commend to students 
as a reliable text-book, written with an evident knowledge of the wants of those enteringupon 
the study of this special branch of medical science,"— i/rzV/jA Medical yournal. 

** The work is characterized by a lucidity of expression which leaves the reader in no 
doubt as to the meaning of the language employed. . . . We know of no work in which 
these diseases are dealt with more satis^ctorily, and indications for treatment more clearly 
given, and in harmony with the practice of the most advanced ophthalmologists." — Mart' 
time Medical Neivs. 

" It is hardly too much to say that for the student and practitioner beginning the study of 
Ophthalmology, it is the best single volume at present published." — Medical News. 

" The latest and one of the best books on Ophthalmology. The book is thoroughly up to 
date, and is certainly a work which not only commends itself to the student, but is a ready 
reference for the busy practitioner." — International Medical Review. 

PROFEKSIOHTAIi OPIHTlOHrS. 

** A work that will meet the requirements not only of the specialist, but of the general 
practitioner in a rare degree. I am satisfied that unusual success awaits it." 

William Peppbr, M. D. 

Provost and Professor of Theory and Practice of Medicine and Clinical Medicine 

in the University of Pennsylvania. 

** Contains in concise and reliable form the accepted views of Ophthalmic Science." 

William Thomson, M. D., 
Professor of Ophthalmology, Jefferson Medical College , Philadelphia, Pa. 
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TEXT-BOOK UPON THE PATHOGENIC BACTERIA. Spe- 
cially written for Students of Medicine. By Joseph McFarland, 
M. D., Professor of Pathology and Bacteriolc^ in the Medico- Chirurgical 
College of Philadelphia, etc. 359 pages, finely illustrated. Price, Cloth, 
^{(2.50 net. 

The book presents a concise account of the technical procedures necessary in 
the study of Bacteriology. It describes the life-history of pathogenic bacteria, and 
the pathological lesions following invasion. 

The work is intended to be a text-book for the medical student and for the 
practitioner who has had no recent laboratory training in this department of medi- 
cal science. The instructions given as to needed apparatus, cultures, stainings, 
microscopic examinations, etc., are ample for the student's needs, and will afford 
to the physician much information that will interest and profit him relative to a 
subject which modern science shows to go far in explaining the etiology of many 
diseased conditions. 

The illustrations have been gathered from standard sources, and comprise the 
best and most complete aggregation extant." 

" It b excellently adapted for the medical students and practitioners for whom it is avowedly 
written. . . . The descriptions given are accurate and readable, and the book should prove 
useful to those for whom it is written. — London Lancet, Aug. 29, 1896. 

** The author has succeded admirably in presenting the essential details of bacteriological 
technics, together with a judiciously chosen summary of our present knowledge of pathogenic 
bacteria. . . . The work, we think, should have a wide circulation among English-speaking 
students of medicine." — N. Y. Medical Journal, April 4, 1896. 

** The book will be found of considerable use by medical men who have not had a special 
bacteriological training, and who desire to understand this important branch of medical 
science." — Edinburgh Medical journal, July, 1896. 

LABORATORY GUIDE FOR THE BACTERIOLOGIST. By 

Langdon Frothingham, M. D. V., Assistant in Bacteriology and Veteri- 
nary Science, Sheflfleld Scientific School, Yale University. Illustrated. 
Price, Cloth, 75 cents. 

The technical methods involved in bacteria-culture, methods of staining, and 
microscopical study are fully described and arranged as simply and concisely as 
possible. The book is especially intended for use in laboratory work 

** It is a convenient and useful little work, and will more than repay the outlay necessary 
for its purchase in the saving of time which would otherwise be consumed in looking up the 
various points of technique so clearly and concisely laid down in its pages." — American Afed.- 
Surg^. Bulletin. 

FEEDING IN EARLY INFANCY. By Arthur V. Meigs, M. D. 
Bound in limp cloth, flush edges. Price, 25 cents net. 

Synopsis : Analyses of Milk — Importance of the Subject of Feeding in Early 
Infancy — Proportion of Casein and Sugar in Human Milk — Time to Begin Arti- 
ficial Feeding of Infants — Amount of Food to be Administered at Each Feed- 
ing — Intervals between Feedings — Increase in Amount of Food at Different 
Periods of Infant Development — Unsuitableness of Condensed Milk as a Sub- 
stitute for Mother's Milk — Objections to Sterilization or " Pasteurization " of 
Milk — ^Advances made in the Method of Artificial Feeding of Infants. 
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ESSENTIALS OF ANATOMY AND MANUAL OF PRACTI- 
CAL DISSECTION, containing « Hints on Dissection." By Charles 
B. Nancrede, M. D., Professor of Surgery and Clinical Surgery in the 
University of Michigan, Ann Arbor; Corresponding Member of the Royal 
Academy of Medicine, Rome, Italy ; late Surgeon Jefferson Medical Col- 
lege, etc. Fourth and revised edition. Post 8vo, over 500 pages, with 
handsome full-page lithographic plates in colors, and over 200 illustrations. 
Price : Extra Cloth or Oilcloth for the dissection-room, ;J52.oo net. 

Neither pains nor expense has loeen spared to make this work the most ex- 
haustive yet concise Student's Manual of Anatomy and Dissection ever pub- 
lished, either in America or in Europe. 

The colored plates are designed to aid the student in dissecting the muscles, 
arteries, veins, and nerves. The wood-cuts have all been specially drawn and 
engraved, and an Appendix added containing 60 illustrations representing the 
structure of the entire human skeleton, the whole being based on the eleventh 
edition of Gray's Anatomy. 

'* The plates are of more than ordinary excellence, and are of especial value to students in 
their work in the dissecting-room."— yi^Krwa/ of American Medical Association. 

** Should be in the hands of every medical student." — Cleveland Medical Gazette, 

** A concise and judicious work." — Buffalo Medical and Surgical Journal. 

A MANUAL OF PRACTICE OF MEDICINE. By A. A. Stevens, 
A. M., M. D., Instructor of Physical Diagnosis in the University of Penn- 
sylvania, and Demonstrator of Pathology in the Woman's Medical College 
of Philadelphia. Specially intended for students preparing for graduation 
and hospital examinations, and includes the following sections : General 
Diseases, Diseases of the Digestive Organs, Diseases of the Respiratory 
System, Diseases of the Circulatory System, Diseases of the Nervous Sys- 
tem, Diseases of the Blood, Diseases of the Kidneys, and Diseases of the 
Skin. Each section is prefaced by a chapter on General Symptomatology. 
Post 8vo, 512 pages. Numerous illustrations and selected formulae. 
Price, ;J52.5o. 

FOURTH EDITION. REVISED AND ENLARGED. 

Contributions to the science of medicine have poured in so rapidly during the 
last quarter of a century that it is well-nigh impossible for the student, with the 
limited time at his disposal, to master elaborate treatises or to cull from them 
that knowledge which is absolutely essential. From an extended experience in 
teaching, the author has been enabled, by classification, to group allied symp- 
toms, and by the judicious elimination of theories and redundant explanations 
to bring within a comparatively small compass a complete outline of the prac- 
tice of medicine. 



1 8 IV. B. SAUNDERS 



MANUAL OF MATERIA MEDICA AND THERAPEUTICS. 

By A. A. Stevens, A. M., M. D., Instructor of Physical Diagnosis in the 
University of Pennsylvania, and Demonstrator of Pathology in the Woman's 
Medical College of Philadelphia. 445 pages. Price, Cloth, ^2.25. 

SECOND EDITION, REVISED. 

This wholly new volume, which is based on the last edition of the Pharma- 
copceia, comprehends the following sections: Physiological Action of Drugs; 
Drugs; Remedial Measures other than Drugs ; Applied Therapeutics ; Incom- 
patibility in Prescriptions; Table of Doses; Index of Drugs; and Index of 
Diseases ; the treatment being elucidated by more than two hundred formulae. 

" The author is to be congratulated upon having presented the medical student with as 
accurate a manual of therapeutics as it is possible to ^xt^'p^xt:." —Therapeutic Gazette, 

" Far superior to most of its class ; in fact, it is very good. Moreover, the book b reliable 
and accurate." — New York Medical Journal. 

*'The author has faithfully presented modern therapeutics in a comprehensive work, . . . 
and it will be found a reliable guide."— University Medical Magazine, 



NOTES ON THE NEWER REMEDIES: their Therapeutic Ap- 
plications and Modes of Administration. By David Cerna, M. D., 

Ph. D., Demonstrator of and Lecturer on Experimental Therapeutics in 
the University of Pennsylvania. Post-octavo, 253 pages. Price, ^1.25. 

SECOND EDITION, BE-WRITTEN AND GREATLY ENLARGED. 

The work takes up in alphabetical order all the newer remedies, giving their 
physical properties, solubility, therapeutic applications, administration, and 
chemical formula. 

It thus forms a very valuable addition to the various works on therapeutics 
now in existence. 

Chemists are so multiplying compounds, that, if each compound is to be thor- 
oughly studied, investigations must be carried far enough to determine the prac- 
tical importance of the new agents. 

" Elspecially valuable because of its completeness, its accuracy, its systematic consider- 
ation of the properties and therapy of many remedies of which doctors generally know but 
little, expressed in a brief yet terse manner." — Chicago Clinical Review. 



TEMPERATURE CHART. Prepared by D. T. LAiNfe, M. D. Size 
8x 13^ inches. Price, per pad of 25 charts, 50 cents. 

A conveniently arranged chart for recording Temperature, with columns for 
daily amounts of Urinary and Fecal Excretions, Food, Remarks, etc. On the 
hack of each chart is given in full the method of Brand in the treatment of 
Typhoid Fever. 
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SAUNDERS* POCKET MEDICAL LEXICON ; or, Dictionary of 
Terms and Words used in Medicine and Surgery. By John M. 
Keating^ M. D., editor of " Cyclopaedia of Diseases of Children," etc. ; 
author of the " New Pronouncing Dictionary of Medicine;" and Henry 
Hamilton, author of " A New Translation of Virgil's ^neid into Eng- 
lish Verse ;" co-author of a *' New Pronouncing Dictionaiy of Medicine." 
A new and revised edition. 32mo, 282 pages. Prices: Cloth, 75 cents; 
Leather Tucks, ;j^i.oo. 

This new and comprehensive work of reference is the outcome of a demand 
for a more modern handbook of its class than those at present on the market, 
which, dating as they do from 1855 to 1 884, are of but trifling use to the student 
by their not containing the hundreds of new words now used in current litera- 
ture, especially those relating to Electricity and Bacteriology. 

** Remarkably accurate in terminology, accentuation, and 6s.^xi\x\oxi.'*— Journal 0/ Amer- 
ican Medical Association. 

*' Brief, yet complete .... it contains the very latest nomenclature in even the newest 
departments of medicine." — Neiv York Medical Record. 



SAUNDERS' POCKET MEDICAL FORMULARY. By William 
M. Powell, M. D., Attending Physician to the Mercer House for Invalid 
Women at Atlantic City. Containing 1750 Formulae, selected from several 
hundred of the best-known authorities. Forming a handsome and con- 
venient pocket companion of nearly 300 printed pages, with blank leaves 
for Additions; with an Appendix containing Posological Table, Formulae 
and Doses for Hypodermatic Medication, Poisons and their Antidotes, 
Diameters of the Pemale Pelvis and Foetal Head, Obstetrical Table, Diet 
List for Various Diseases, Materials and Drugs used in Antiseptic Surgery, 
Treatment of Asphyxia from Drowning, Surgical Remembrancer, Tables 
of Incompatibles, Eruptive Fevers, Weights and Measures, etc. Third 
edition, revised and greatly enlarged. Handsomely bound in morocco, 
with side index, wallet, and flap. Price, j?5i.75 net. 

A concise, clear, and correct record of the many hundreds of famous formulae 
which are found scattered through the works of the most eminent physicians 
and surgeons of the world. The work is helpful to the student and practitioner 
alike, as through it they become acquainted with numerous formulae which are 
not found in text-books, but have been collected from among the rising genera- 
tion of the profession, college professors, and hospital physicians and surgeons. 

"This little book, that can be conveniently carried in the pocket, contains an immense 
nmount of material. It is very useful, and as the name of the author of each prescription is 
given is unusually reliable." — New York Medical Record. 

** Designed to be of immense help to the general practitioner in the exercise of his daily 
calling." — Boston Medical and Surgical journal. 
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DISEASES OF WOMEN. By Henry J. Garrigues, A.M., M. D., 
Professor of Gynecology and Obstetrics in the New York School of Clinical 
Medicine ; Gynecologist to St. Mark's Hospital and to the German Dis- 
pensary, New York City. In one handsome octavo volume of 728 pages, 
illustrated by 335 engravings and colored plates. Prices : Cloth, $^.QO net; 
Sheep or Half Morocco, j{^5.oo net. 

A PRACTICAL work on gynecology for the use of students and practitioners, 
written in a terse and concise manner. The importance of a thorough know- 
ledge of the anatomy of the female pelvic organs has been fully recognized by 
the author, and considerable space has been devoted to the subject. The chap- 
ters on Operations and on Treatment are thoroughly modern, and are based 
upon the large hospital and private practice of the author. The text is eluci- 
dated by a large number of illustrations and colored plates, many of them being 
original, and forming a complete atlas for studying embryology and the anatomy 
of \ht female genitalia t besides exemplifying, whenever needed, morbid condi- 
tions, instruments, apparatus, and operations. 

Second Edition^ Thoroughly Revised* 

The first edition of this work met with a most appreciative reception by the 
medical press and profession both in this country and abroad, and was adopted 
as a text-book or recommended as a book of reference by nearly one hundred 
colleges in the United States and Canada. The author has availed himself of 
the opportunity afforded by this revision to embody the latest approved advances 
in the treatment employed in this important branch of Medicine. He has also 
more extensively expressed his own opinion on the comparative value of the 
different methods of treatment employed. 

" One of the best text-books for students and practitioners which has been published in 
the English language ; it is condensed, clear, and comprehensive. The profound learning 
and great clinical experience of the distinguished author find expression in this book in a 
most attractive and instructive form. Young practitioners, to whom experienced consultants 
may not be available, will find in this book invaluable counsel and help." 

Thad. a. Rbamv, M. D., LL.D., 

Professor of Clinical Gynecology ^ Medical College o^ Ohio; Gynecologist to the Good 

Samaritan and Cincinnati Hospitals. 



A SYLLABUS OF GYNECOLOGY, arranged in conformity with 
•* An American Text-Book of Gynecology." By J. W. Long, M. D., 
Professor of Diseases of Women and Children, Medical College of Vir- 
ginia, etc. Price, Cloth (interleaved), $1.00 net. 

Based upon the teaching and methods laid down in the larger work, this will 

not only be useful as a supplementary volume, but to those who do not already 

possess the text-book it will also have an independent value as an aid to the 

practitioner in gynecological work, and to the student as a guide in the lecture- 

room, as the subject is presented in a manner at once systematic, clear, succinct, 

and practicsd. 
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A MANUAL OF PHYSIOLOGY, with Practical Exercises. For 

Students and Practitioners. By G. N. Stewart, M. A., M. D., D. Sc, 
lately Examiner in Physiology, University of Aberdeen, and of the New 
Museums, Cambridge University ; Professor of Physiology in the Western 
Reserve University, Cleveland, Ohio. Handsome octavo volume of 800 
pages, with 278 illustrations in the text, and 5 colored plates. Price, 
Cloth, $3.50 net. 

** It will make its way by sheer force of merit, and amply deserves to do so. It is one of 
the very best English text-books on the subject." — London Lancet. 

•* Of the many text-books of physiology published, we do not know of one that so nearly 
comes up to the ideal as does Professor Stewart's volume." — British Medical Journal. 

ESSENTIALS OF PHYSICAL DIAGNOSIS OF THE THORAX. 

By Arthur M. Corwin, A. M., M. D., Demonstrator of Physical Diagno- 
sis in the Rush Medical College, Chicago; Attending Physician to the 
Central Free Dispensary, Department of Rhinology, Laryngology, and 
Diseases of the Chest. 200 pages. Illustrated. Cloth, flexible covers. 
Price, jf5i.25 net. 

SYLLABUS OF OBSTETRICAL LECTURES in the Medical 
Department, University of Pennsylvania. By Richard C. Norris, 
A. M., M. D., Lecturer on Clinical and Operative Obstetrics, University 
of Pennsylvania. Third edition, thoroughly revised and enlarged. Crown 
8vo. Price, Cloth, interleaved for notes, $2.00 net. 

*' This work is so far superior to others on the same subject that we take pleasure in call- 
ing attention briefly to its excellent features. It covers the subject thoroughly, and will 
prove invaluable both to the student and the practitioner. The author has introduced a 
number of valuable hints which would only occur to one who was himself an experienced 
teacher of obstetrics. The subject-matter is clear, forcible, and modern. We are especially 
pleased with the portion devoted to the practical duties of the accoucheur, care of the child, 
etc. The paragraphs on antiseptics are admirable ; there is no doubtful tone in the direc- 
tions given. No details are regarded as unimportant ; no minor matters omitted. We ven- 
ture to say that even the old practitioner will find useful hints in this direction which he can- 
not aflbrd to despise." — New York Medical Record. 

A SYLLABUS OF LECTURES ON THE PRACTICE OF SUR- 
GERY, arranged in conformity with «* An American Text-Book 
of Surgery." By N. Senn, M. D., Ph. D., Professor of Surgery in Rush 
Medical College, Chicago, and in the Chicago Polyclinic. Price, $2.00. 

This, the latest work of its eminent author, himself one of the contributors 
to "An American Text-Book of Surgery," will prove of exceptional value to 
the advanced student who has adopted that work as his text-book. It is not 
only the syllabus of an unrivalled course of surgical practice, but it is also an 
epitome of or supplement to the larger work. 

" The author has evidently spared no pains in making his Syllabus thoroughly comprehen« 
sive, and has added new matter and alluded to the most recent authors and operations. Full 
references are also given to all requisite details of surgical anatomy and pathology." — British 
Medical Journal t London. 
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AN OPERATION BLANK, with Lists of Instruments, etc. re- 
quired in Various Operations. Prepared by W. W. Keen, M. D., 
LL.D., Professor of Principles of Surgery in the Jefferson Medical Col- 
lege, Philadelphia. Price per Pad, containing Blanks for fifty operations, 
50 cents net. 

SECOND EDITION, REVISED FORM. 

A convenient blank, suitable for all operations, giving complete instructions 
regarding necessary preparation of patient, etc., with a full list of dressings and 
medicines to be employed. 

On the back of each blank is a list of instruments used— viz. general instru- 
ments, etc., required for all operations ; and special instruments for surgery of 
the brain and spine, mouth and throat, abdomen, rectum, male and female 
genito-urinary organs, the bones, etc. 

The whole forming a neat pad, arranged for hanging on the wall of a sur- 
geon's office or in the hospital operating-room. 

*' Will serve a useful purpose for the surgeon in reminding him of the details of prepa- 
ration for the patient and the room as well as for the instruments, dressings, and antiseptics 
needed " — New York Medical Record 

*' Covers about all that can be needed in any operation." — American Lancet. 

'* The plan is a capital one."— Boston Medical and Surgical yournal. 

LABORATORY EXERCISES IN BOTANY. By Edson S. Bastin, 
M. A., Professor of Materia Medica and Botany in the Philadelphia Col- 
lege of Pharmacy. Octavo volume of 536 pages, 87 full-page plates. Price, 
Cloth, JJ52.50. 

This work is intended for the beginner and the advanced student, and it fully 
covers the structure of flowering plants, roots, ordinary stems, rhizomes, tubers, 
bulbs, leaves, flowers, fruits, and seeds. Particular attention is given to the gross 
and microscopical structure of plants, and to those used in medicine. Illustra- 
tions have freely been used to elucidate the text, and a complete index to facil- 
itate reference has been added. 

" There is no work like it in the pharmaceutical or botanical literature of this country, and 
we predict for it a wide circulation." — American yournal of Pharmacy. 

DIET IN SICKNESS AND IN HEALTH. By Mrs. Ernest Hart, 
formerly Student of the Faculty of Medicine of Paris and of the London 
School of Medicine for Women ; with an Introduction by Sir Henry 
Thompson, F. R. C. S., M. D., London. 220 pages; illustrated. Price, 
Cloth, |;i.5o. 

Useful to those who have to nurse, feed, and prescribe for the sick. In 
each case the accepted causation of the disease and the reasons for the special 
diet prescribed are briefly described. Medical men will find the dietaries and 
recipes practically useful, and likely to save them trouble in directing the dietetic 
treatment of patients. 



CATALOGUE OF MEDICAL WORKS. 23 

HOW TO EXAMINE FOR LIFE INSURANCE. By John M. 
Keating, M. D., Fellow of the College of Physicians and Surgeons of 
Philadelphia; Vice-President of the American Paediatric Society; Ex- 
President of the Association of Life Insurance Medical Directors. Royal 
8vo, 211 pages, with two large half-tone illustrations, and a plate prepared 
by Dr. McClellan from special dissections ; also, numerous cuts to elucidate 
the text. Second edition. Price, Cloth, %2.qo net. 

"This is by far the most useful book which has yet appeared on insurance examination, a 
subject of growing interest and importance. Not the least valuable portion of the volume is 
Part II., which consists of instructions issued to their examining physicians by twenty-four 
representative companies of this country. As the proofs of these instructions were corrected 
by the directors of the companies, they form the latest instructions obtainable. If for these 
alone, the book should be at the right hand of every physician interested in this special branch 
of medical science." — The Medical News, Philadelphia. 

NURSING: ITS PRINCIPLES AND PRACTICE. By Isabel 
Adams Hampton, Graduate of the New York Training School for 
Nurses attached to Bellevue Hospital; Superintendent of Nurses and 
Principal of the Training School for Nurses, Johns Hopkins Hospital, 
Baltimore, Md. ; late Superintendent of Nurses, Illinois Training School 
for Nurses, Chicago, 111. In one very handsome i2mo volume of 484 
pages, profusely illustrated. Price, Cloth, %2.oo net. 

This original work on the important subject of nursing is at once comprehensive 
and systematic. It is written in a clear, accurate, and readable style, suitable 
alike to the student and the lay reader. Such a work has long been a desidera- 
tum with those entrusted with the management of hospitals and the instruction of 
nurses in training-schools. It is also of especial value to the graduated nurse 
who desires to acquire a practical working knowledge of the care of the sick 
and the hygiene of the sick-room. 

OBSTETRIC ACCIDENTS, EMERGENCIES, AND OPERA- 
TIONS. By L. Ch. Boisliniere, M. D., late Emeritus Professor of 
Obstetrics in the St. Louis Medical College. 381 pages, handsomely illus- 
trated. Price, ^2.00 net. 

" For the use of the practitioner who, when away from home, has not the 
opportunity of consulting a library or of calling a friend in consultation. He 
then, being thrown upon his own resources, will find this book of benefit in 
guiding and assisting him in emergencies." 

INFANT'S WEIGHT CHART. Designed by J. P. Crozer Griffith, 
M. D., CUnical Professor of Diseases of Children in the University of Penn- 
sylvania. 25 charts in each pad. Price per pad, 50 cents net. 

A convenient blank for keeping a record of the child's weight during the first 
two years of life. Printed on each chart is a curve representing the average weight 
of a healthy infant, so that any deviation from the normal can readily be detected. 
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THE CARE OF THE BABY. By J. P. Crozer Griffith, M. D., 
Clinical Professor of Diseases of Children, University of Pennsylvania; 
Physician to the Children's Hospital, Philadelphia, etc. 392 pages, with 
67 illustrations in the text, and 5 plates. i2mo. Price, ^1.50. 

A reliable guide not only for mothers, but also for medical students and 
practitioners whose opportunities for observing children have been limited. 

" The whole book is characterized by rare good sense, and is evidently written by a mas- 
ter hand. It can be read with benefit not only by mothers, but by medical students and by 
any practitioners who have not had large opportunities for observing children." — American 
yournal of Obstetrics. 

THE NURSE'S DICTIONARY of Medical Terms and Nursing 
Treatment, containing Definitions of the Principal Medical and Nursing 
Terms, Abbreviations, and Physiological Names, and Descriptions of the 
Instruments, Drugs, Diseases, Accidents, Treatments, Operations, Foods, 
Appliances, etc. encountered in the ward or in the sick-room. Compiled 
for the use of nurses. By HoNNOR Morten, author of " How to Become 
a Nurse," "Sketches of Hospital Life," etc. i6mo, 140 pages. Price, 
Cloth, ^i.oo. 

This little volume is intended for use merely as a small reference-book which 
can be consulted at the bedside or in the ward. It gives sufficient explanation 
to the nurse to enable her to comprehend a case until she has leisure to look up 
larger and fuller works on the subject. 

DIET LISTS AND SICK-ROOM DIETARY. By Jerome B. Thomas, 
M. D., Visiting Physician to the Home for Friendless Women and Children 
and to the Newsboys' Home ; Assistant Visiting Physician to the Kings 
County Hospital ; Assistant Bacteriologist, Brooklyn Health Department. 
Price, Cloth, %i.^o (Send for specimen List.) 

One hundred and sixty detachable (perforated) diet lists for Albuminuria, 
Anaemia and Debility, Constipation, Diabetes, Diarrhoea, Dyspepsia, Fevers, 
Gout or Uric-Acid Diathesis, Obesity, and Tuberculosis. Also forty detachable 
sheets of Sick-Room Dietary, containing full instructions for preparation of 
easily-digested foods necessary for invalids. Each list is numbered only, the 
disease for which it is to be used in no case being mentioned, an index key 
being reserved for the physician's private use. 

DIETS FOR INFANTS AND CHILDREN IN HEALTH AND 
IN DISEASE. By Louis Starr, M. D., Editor of " An American 
Text-Book of the Diseases of Children." 230 blanks (pocket-book size), 
perforated and neatly bound in flexible morocco. Price, jf5i.25 net. 

The first series of blanks are prepared for the first seven months of infant 
life; each blank indicates the ingredients, but not the quantities, of the food, 
the latter directions being left for the physician. After the seventh month, 
modifications being less necessary, the diet lists are printed in full. Formula 
Sof tat preparation of diluents and foods are appended. 



Practical, Exhaustive, Authoritative. 



SAUNDERS' 



NEW AID SERIES OF MANUALS 



FOR 



Students and Practitioners. 



Mr. Saunders is pleased to announce as now ready his NEW AID 
SERIES OF MANUALS for Students and Practitioners. As pub- 
lisher of the Standard Series of Question Compends, and through intimate 
relations with leading members of the medical profession, Mr. Saunders has 
been enabled to study progressively the essential desiderata in practical " self- 
helps " for students and physicians. 

This study has manifested that, while the published " Question Compends ■ * 
earn the highest appreciation of students, whom they serve in reviewing their 
studies preparatory to examination, there is special need of thoroughly reliable 
handbooks on the leading branches of Medicine and Surgery, each subject 
being compactly and authoritatively written, and exhaustive in detail, without 
the introduction of cases and foreign subject-matter which so largely expand 
ordinaiy text-books. 

The Saunders Aid Series will not merely be condensations from 
present literature, but will be ably written by well-known authors 
and practitioners, most of them being teachers in representative 
American Colleges. This new series^ therefore, will form an admirable 
collection of advanced lectures, which will be invaluable aids to students in 
reading and in comprehending the contents of " recommended " works. 

Each Manual will further be distinguished by the beauty of the new type ; 
by the quality of the paper and printing; by the copious use of illustrations; 
by the attractive binding in cloth ; and by their extremely low prices. 
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SAUNDERS' NEW AID SERIES OF MANUALS. 



VOLUMES PUBLISHED. 



PHYSIOLOGY. By Joseph Howard Raymond, A. M., M. D., Professor 
of Physiology and Hygiene and Lecturer on Gynecology in the Long 
Island College Hospital, etc. Price, ^1.25 net. 

SURGERY, General and Operative. By John Chalmers DaCosta, 
M. D„ Demonstrator of Surgery, Jefferson Medical College, Philadelphia, 
etc. Double number. Price, {(2.50 net. 

DOSE-BOOK AND MANUAL OF PRESCRIPTION-WRITING. 

By E. Q. Thornton, M. D., Demonstrator of Therapeutics, Jefferson 
Medical College, Philadelphia. Price, ^1.25 net. 

MEDICAL JURISPRUDENCE. By Henry C. Chapman, M. D., Pro- 
fessor of Institutes of Medicine and Medical Jurisprudence in the Jeffer- 
son Medical College of Philadelphia, etc Price, $1.50 net. 

SURGICAL ASEPSIS. By Carl Beck, M.D., Surgeon to St. Mark's 
Hospital and to the German Polikltnik ; Instructor in Surgery, New York 
Post-Graduate Medical School, etc. Price, ^1.25 net. 

MANUAL OF ANATOMY. By Irving S. Haynes, M.D., Adjunct 
Professor of Anatomy and Demonstrator of Anatomy, Medical Department 
of the New York University, etc. (Double number.) Price, $2.50 net. 

SYPHILIS AND THE VENEREAL DISEASES. By James 
Nevins Hyde, M. D., Professor of Skin and Venereal Diseases, and 
Frank H. Montgomery, M. D., Lecturer on Dermatology and Genito- 
urinary Diseases, in Rush Medical College, Chicago. (Double number.) 
Price, ^$2.50 net. 

PRACTICE OF MEDICINE. By George Roe Lockwood, M. D., 
Professor of Practice in the Woman's Medical College of the New 
York Infirmary, etc. (Double number.) Price, $2.50 net. 

OBSTETRICS. By W. A. Newman Dor land, M. D., Asst. Demonstrator 
of Obstetrics, University of Pennsylvania ; Chief of Gynecological Dispen- 
sary, Pennsylvania Hospital. (Double number.) Price, $2.50 net. 

DISEASES OF WOMEN. By J. Bland Sutton, F. R. C. S., Assistant 
Surgeon to the Middlesex Hospital, and Surgeon to the Chelsea Hospital 
for Women, London; and Arthur E. Giles, M. D., B. Sc. Lond., 
F. R. C. S. Edin., Assistant Surgeon to the Chelsea Hospital for Women, 
London. 436 pages, handsomely illustrated. (Double number.) Price, 
IJ2.50 net. 

VOLUMES IN PREPARATION. 

NERVOUS DISEASES. By Charles W. Burr, M. D., Qinical Pro- 
fessor of Nervous Diseases, Medico-Chirurgical College, Philadelphia, etc. 

NOSE AND THROAT. By D. Braden Kylh, M. D., Chief Laryngolo- 
gist to St. Agnes' Hospital, Philadelphia ; Instructor in Clinical Microscopy 
and Assistant Demonstrator of Pathology in Jefferson Medical College. 

%* There vfrW be published in the same series, at short intervals, carefully 
prepared workB on various subjects, by prominent upeclalists. 



SAUNDERS' QUESTION COMPENDS. 

Arranged in Question and Answer Form. 

THE LATEST, MOST COMPLETE, and BEST ILLUSTBATED 
SEBIES OF COMPENDS EVEB ISSUED. 



Now the Standard Authorities in Medical Literature 



WITH 



Students and Practitioners in every City of the United 

States and Canada. 



THE REASON WHY. 

They are the advance guard of " Student's Helps *' — that do help ; they are 
the leaders in their special line, well and authoritatively written by able men, 
luko, as teachers in the large collegesy know exactly what is wanted by a student 
preparing for his examinations. The judgment exercised in the selection of 
authors is fully demonstrated by their professional elevation. Chosen from the 
ranks of Demonstrators, Quiz-masters, and Assistants, most of them have be- 
come Professors and Lecturers in their respective colleges. 

Each book is of convenient size (5x7 inches), containing on an average 250 
pages, profusely illustrated, and elegantly printed in clear, readable type, on 
fine paper. 

The entire series, numbering twenty- four subjects, has been kept thoroughly 
revised and enlarged when necessary, many of them being in their fourth and 
fifth editions. 

TO SUM UP. 

Although there are numerous other Quizzes, Manuals, Aids, etc. in the mar- 
ket, none of them approach the " Blue Series of Question Compends;" and 
the claim is made for the following points of excellence : 

1. Professional distinction and reputation of authors. 

2. Conciseness, clearness, and soundness of treatment. 

3. Size of type and quality of paper and binding. 

%^ Any of these Compends wiU be mailed on receipt of price (see over 
for List). 



Price, Cloth, $1.00 per copy, except when otherwise noted. 



► 



I. ESSENTIALS OF PHYSIOLOGY. 4th edition. Illustrated. Re- 
vised and enlarged by H. A. Hare, M. D (Price, jjii.oo net.) 

a. ESSENTIALS OF SURGERY. 6th edition, with au Appendix on 
Antiseptic Surgery. 90 illustrations. By Edward Martin, M. D. 

3. ESSENTIALS OF ANATOMY. 5th edition, with an Appendix. 180 

illustrations. By Charles B. Nancrede, M. D. 

4. ESSENTIALS OF MEDICAL CHEMISTRY, ORGANIC AND 

INORGANIC. 4th edition, revised, with an Appendix. By Law- 
rence Wolff, M. D. 

5. ESSENTIALS OF OBSTETRICS. 4th edition, revised and en- 

larged. 75 illustrations. By W. Easterly Ashton, M. D. 

6. ESSENTIALS OF PATHOLOGY AND MORBID ANATOMY. 

7th thousand. 46 illustrations. By C. E. Armand Semple, M. D. 

7. ESSENTIALS OF MATERIA MEDICA, THERAPEUTICS, 

AND PRESCRIPTION-WRITING. 4th edition. By Henry 
Morris, M. D. 

8. 9. ESSENTIALS OF PRACTICE OF MEDICINE. By Henry 

Morris, M. D. An Appendix on Urine Examination. Illustrated. 
By Lawrence Wolff, M. D. 3d edition, enlarged by some 300 Es- 
sential Formulae, selected from eminent authorities, by Wm. M. Powell, 
M. D. (Double number, price $2.00.) 

10. ESSENTIALS OF GYNECOLOGY. 4th edition, revised. With 
62 illustrations. By Edwin B. Cragin, M. D. 

XI. ESSENTIALS OF DISEASES OF THE SKIN. 3d edition, re- 
vised and enlarged. 71 letter-press cuts and 15 half-tone illustrations. 
By Henry W. Stelwagon, M. D. (Price, $1.00 net.) 

12. ESSENTIALS OF MINOR SURGERY, BANDAGING, AND 

VENEREAL DISEASES. 2d edition, revised and enlarged. 78 
illustrations. By Edward Martin, M. D. 

13. ESSENTIALS OF LEGAL MEDICINE, TOXICOLOGY, AND 

HYGIENE. 130 illustrations. By C. E. Armand Semple, M. D. 

14. ESSENTIALS OF DISEASES OF THE EYE, NOSE, AND 

THROAT. 124 illustrations. 2d edition, revised. By Edward 
Jackson, M. D., and E. Baldwin Gleason, M. D. 

15. ESSENTIALS OF DISEASES OF CHILDREN. Second edi- 

tion. By William H. Powell, M. D. 

16. ESSENTIALS OF EXAMINATION OF URINE. Colored 

" VoGEL Scale," and numerous illustrations. By Lawrence Wolff, 
M. D. (Price, 75 cents.) 

17. ESSENTIALS OF DIAGNOSIS. By S. Solis-Cohen, M. D., and 

A. A. Eshner, M. D. 55 illustrations, some in colors. (Price, $1 .50 net.) 

18. ESSENTIALS OF PRACTICE OF PHARMACY. By L. E. 

Say re. 2d edition, revised. 

20. ESSENTIALS OF BACTERIOLOGY. 3d edition. 82 illustra- 

tions. By M. V. Ball, M. D. 

21. ESSENTIALS OF NERVOUS DISEASES AND INSANITY. 

48 illustrations. 3d edition, revised. By John C. Shaw, M. D. 

22. ESSENTIALS OF MEDICAL PHYSICS. 155 illustrations. 2d 

edition, revised. By Fred J. Brockway, M. D. (Price, ;J5i.oo net.) 

aj, ESSENTIALS OF MEDICAL ELECTRICITY. 65 illustrations. 
By David D. Stewart, M. D., and Ebv^mld ^. \.^^N^^.^CE, M. D. 
^4' ESSENTIALS OF DISEASES OF THE. E.K'R, ^^^.^.^\x.k. 
SON, M. D, 1 14 illustrations. Secoud edVlVon, icNised a.\^d tx^w^td. 
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JUST PUBLISHED. 



A TEXT-BOOK OF MATERIA MEDICA, THERAPEUTICS, 
AND PHARMACOLOGY. By George F. Butler, Ph. G., M. D., 

Professor of Materia Medica and of Clinical Medicine in the College of 
Physicians and Surgeons, Chicago ; Professor of Materia Medica and Thera- 
peutics, Northwestern University, Woman's Medical School, etc. 8vo, 858 
pages. Illustrated. Prices : Cloth, ^^4.00 net ; Sheep or Half-Morocco, 
$^.QO net. 

A clear, concise, and practical text-book, adapted for permanent reference no 
less than for the requirements of the class-room. The arrangement is believed 
to be at once the most philosophical and rational, as well as that best calculated 
to engage the interest of those to whom the academic study of the subject is 
wont to offer no little perplexity. Special attention has been given to the 
Pharmaceutical section, which is exceptionally lucid and complete. 

LECTURES ON RENAL AND URINARY DISEASES. By 

Robert Saundby, M. D. Edin., Fellow of the RoyarCollege of Physi- 
cians, London, and of the Royal Medico-Chirurgical Society ; Physician to 
the General Hospital; Consulting Physician to the Eye Hospital and to 
the Hospital for Diseases of Women; Professor of Medicine in Mason 
College, Birmingham, etc. 8vo, 434 pages, with numerous illustrations 
and 4 colored plates. Price, Cloth, ^(^2.50 net. 

In these Lectures, which are a re-issue in one volume of the author's well- 
known works on Brighfs Disease and Diabetes, there is given, within a modest 
compass, a review of the present state of knowledge of these important affections, 
with such additions and suggestions as have resulted from the author's thirteen 
years' clinical and pathological study of the subjects. • The lectures have been 
carefully revised and much new matter added to them. There has also been 
added a section dealing with " Miscellaneous Affections of the Kidney," making 
the book more complete as a work of reference. 

ELEMENTARY BANDAGING AND SURGICAL DRESSING, 

with Directions concerning the Immediate Treatment of Cases of Emergency. 
For the use of Dressers and Nurses. By Walter Pye, F. R. C. S., late 
Surgeon to St. Mary's Hospital, London. Small i2mo, with over 80 illus- 
trations. Cloth, flexible covers. Price, 75 cents net. 

This little book is chiefly a condensation of those portions of Pye's " Surgical 
Handicraft" which deal with bandaging; splinting, etc., and of those w'r'^h treat 
of the management in the first instance of cases of emejrgency. With Us own 
limits, however, the book is complete, and it is hoped Jfiat it vr\\\ prove e remely 
useful to students when they begin their work in the wards and casualty rooms, 
and useful also to surgical nurses and dressers. 

" The directions are clear and the illustrations are good." — London Lancet. 

" The author writes well, the diagrams are clear, and the book itself is small and portable, 
although the paper and type are good." — British Medical yournal. 



JUST ISSUED. SOLD BY SUBSCRIPTION. 

ANOMALIES 

AND 

CURIOSITIES OF MEDICINE. 

BY 

GEORGE M. GOULD, M. D., and WALTER L. PYLE, M. D. 

Several years of exhaustive research have been spent by the authors in the 
great medical libraries of the United States and Europe in collecting the material 

for this work, iledical literature of all ages and all languages has 

been carefully searched, as a glance at the Bibliographic Index will show. The 

facts, which will be of extreme value to the author and lecturer, have 

been arranged and annotated, and full reference footnotes given, indicating 
whence they have been obtained. 

In view of the persistent and dominant interest in the anomalous and curious, 
a thorough and systematic collection of this kind (the first of which the 
authors have knowledge) must have its own peculiar sphere of usefulness. 

As a complete and authoritative Book of Reference it will be of value 
not only to members of the medical profession, but to all persons interested in 
general scientific, sociologic, and medico-legal topics; in fact, the general inter- 
est of the subject and the dearth of any complete work upon it make this 

volume one ojf the most important literary innovations of the day. 

An especially valuable feature of the book consists of the indexing. 
Besides a complete and comprehensive General Index, containing numerous 
cross-references to the subjects discussed, and the names of the authors of the 
more important reports, there is a convenient Bibliographic Index and a 

Table of Contents. 

The plan has been adopted of printing the topical headings in bold- 
face type, the reader being thereby enabled to tell at a glance the subject- 
matter of any particular paragraph or page. 

Illustrations have been freely employed throughout the work, there being 
165 relief cuts and 130 half-tones in the text, and 12 colored and half-tone full- 
page plates — a total of over 320 separate figures. 

The careful rendering of the text and references, the wealth of illustrations, 
the mechanical skill represented in the typography, the printing, and the bind- 
ing, combine to make this book one of the most attractive medical publications 
ever issued. 

Handsome Imperial Octavo Volume of 968 Pasres. 

PRICES: Cloth, $6.00 net; Half Morocco, $7.00 net. 
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JU5T ISSUED, 

ANDERS' PRACTICE OP MEDICINE. 

A Text-Book of the Practice of Medicine. By Jambs M. Anders. M. D.. Ph D., 
LL D., Professor of the Practice of Medicine and ofLllinical Medicine, Medico-Chirur- 
gical College, Philadelphia. Cloth, $5.50 nat ; Sheep or Half Morocco, $6.50 net. 

MACD0NALD*3 3URQICAL DIAGNOSIS AND TREATMENT. 

Surgical Diasrnosis and Treatment. By J. W. Macdonald, M. D.. Graduate of 
Medicine of the University of Edinburgh : Professor of the Practice of Surgfery and 
of Clinical Surgery, Minneapolis College of Physicians and Surgeons. Cloth, ^5.00 net; 
Sheep or Half Morocco, ^6.00 net. 

MOORE*3 ORTHOPEDIC SURGERY. 

Orthopedic Surgfery. By Jamrs E. Moorr, M.D., Professor of Orthopedics and 
Adjunct Professor ot Clinical Surgery, University of Minnesota, College of Medicine 
and Surgery Octavo, 356 pages, handsomely illustrated. Cloth, $2.50 net. 

PENROSE'S DISEASES OP WoMEN. 

A text-Book of Diseases of Women. By Charles B. Penrose, M.D , Ph.D., 
Professor of Gynecology, University of Pennsylvania : Surgeon to Gynecean Hospital, 
Philadelphia. Octavo volume of 529 pages, handsomely illustrated. Price, ^3.50 net. 

MALLORY AND WRIGHT'S PATHOLOGICAL TECHNIQUE. 

Pathological Technique. By Frank B. Mallory, A.M., M. D., Asst. Professor 
of Pathology, Harvard University Medical School ; and Jambs H. Wright, A. M., 
M. D., Instructor in Pathology, Harvard University Medical School. Octevo volume 
of 396 pages, handsomely illustrated. Price, $2.50 net. 

5ENN*5 GENITO-URINARY TUBERCULOSIS. 

Tuberculosis of the Genito-Urlnary Orsans, Male and Female. By Nicholas 
Sbnn, M. D., Ph.D., LL.D., Professor of the Practice of Surgery and of Clinical Sur- 
gery, Rush Medical College, Chicago. Handsome octavo volume of 320 pages. Illus- 
trated. Price, $3.00 net. 

5UTT0N AND GILES' DISEASES OP WOMEN. 

Diseases of Women. By J. Bland Sutton, F. R. C. S., Asst. Surgeon to Middlesex 
Hospital, London ; and Arthur E. Giles, M. D,, B. Sc, F. R. C S., Asst. Surgeon tc 
Chelsea Hospital, London. 436 pages, handsomely illustrated. Price, $2.50 net. 



IN PREPARATION. 

VAN VALZAH AND NISBET'S DISEASES OP THE STOMACH. 

Diseases of the Stomach. By William W. van Valzah, M. D., Professor of 
General Medicine and Diseases of the Digestive System and the Blood, New York 
Polyclinic; and J. Douglas Nisbet, M. D., Adjunct Professor of General Medicine 
and Diseases of the Digestive System and the Blood, New York Polyclinic. 

AN AMERICAN TEXT-BOOK OP GENITO-URINARY AND SKIN DISEASES. 

Edited by L. Bolton Bangs, M. D., Late Professor of Genito-Urlnary and Venereal 
Diseases. New York Post-Graduate Medical School and Hospital : and William A. 
Hardaway, M. D., Professor of Diseases of the Skin, Missouri Medical College. 

AN AMERK:AN text-book op diseases op THE EYE, EAR, NOSE, AND 
THROAT. 

Edited by G. E. de Schweinitz, M. D., Professor of Ophthalmology in the Jefferson 
Medical College; and B. Alexander Randall, M.D., Professor of Diseases of the 
Ear in the University of Pennsylvania and in the Philadelphia Polyclinic. 

CHURCH AND PETERSON'S NERVOUS AND MENTAL DISEASES. 

Nervous and Mental Diseases. By Archibald Church, M. D., Professor of Men- 
tal Diseases and Medical Jurisprudence, Northwestern University Medical School, 
Chicago; and Frederick Peterson, M.D., Clinical Professor of Mental Diseases, 
Woman's Medical College, New York ; Chief of Clinic, Nervous Department, College 
of Physicians and Surgeons, New York. 

HIRST'S OBSTETRICS. 

A Text-Book of Obstetrics. By Barton Cookb Hirst, M. D., Professor of Obstet- 
rics, University of Pennsylvania. 

HEISLER'S EMBRYOLOGY. 

A Text-Book of Embryology. By Johi* C. ^«v?.vtt.^,>\ .Xi . ,^xp^'esxs« n.^ '^r.^xor 
fcssor of Anatomy, Medical Department, \3t\\vtts\\.^ o^ '^«,tvts^\n^\xv»>« 



yOW BEADY, VOLUMES FOB 1896,1897,1898. 



AMERICAN YEAR-BOOK OF MEDICINE and SURGERY. 

Edited by GEORGE M. GOULD, A. M., M. D. 

Assisted by Eminent American SpeoiallBts and Teachers. 






^ • 

^ Notwithstanding the rapid multiplication of medical and surgical works, 

© still these publications fail to meet fully the requirements of the general physician^ 

^ inasmuch as he feels the need of something more than mere text-books of well- 

^ known principles of medical science. Mr. Saunders has long been impressed 
with this fact, which is confirmed by the unanimity of expression from the pro- 

S fession at large, as indicated by advices from his large corps of canvassers, 

fe This deficiency would best be met by current journalistic literature, but most 

"g practitioners have scant access to this almost unlimited source of information, 

j^ and the busy practiser has but little time to search out in periodicals the many 

^ interesting cases whose study would doubtless be of inestimable value in his 

© practice. Therefore, a work which places before the physician in convenient 

^ form an epitomization of this literature by persons competent to pronounce upon 

S The Value of a Discovery or of a Method of Treatment 

« cannot but command his highest appreciation. It is this critical and judicial 

.§ function that will be assumed by the Editorial staff of the " American Year- 

'^ Book of Medicine and Surgery." 

;» It is the special purpose of the Editor, whose experience peculiarly qualifies 

5^ him for the preparation of this work, not only to review the contributions to 

^ American journal?, but also the methods and discoveries reported in the leading 

^ medical journals of Europe, thus enlarging the survey and making the work 

;j characteristically international. These reviews will not simply be a series of 



S undigested abstracts indiscriminately run together, nor will they be retrospective 

gd of " news " one or two years oidy but the treatment presented will be synthetic 

^ and dogmatic, and will include only what is nevyr. Moreover, through expert 

^ condensation by experienced writers these discussions will be 

Comprised in a Single Volume of about 1200 Pages. 

The work will be replete with original and selected illustrations skilfully 
reproduced, for the most part in Mr. Saunders' own studios established for the 
purpose, thus ensuring accuracy in delineation, affording efficient aids to a right 
comprehension of the text, and adding to the attractiveness of the volume. 
Prices: Cloth, $6.50 net; Half Morocco, $7.50 net. 

W. B. SAUNDERS, Publisher, 

925 Walnut Street, Philadelphia. 



SECOND COITION, 
REVISED AND GREATLY ENLAROEd 

Notes on the Newer Remedie 



THERAPEUTIC APPLICATIONS 
ABD MODES OF ADMINISTRATION. 



DAVID CERNA, M,D., PH.D.. 



Poet Bvo. aco Paa^«. 
PBLVE. $1.85. 



The work takes up in alpliabcttcaJ otdct ajl i 
Newer Remedies, givitig tlicir physical propeiti 

— s oiiib iKiy — til era'iip Lt!e application — adnrinisi 
tion Olid chemical fomiul;). 

It wiU, ill this way, form « vny valuable ad<li: 
to the varioit^ works nn Therapeutics now 'm 
istenre. 

Chemists are so multiplying etitnpoundsllw 
each compound ig iq be thoroughty studied, 1 
tigatToiiB must be catried far enough lo dotenaM 
ttie practical imporlance nf the new agents. 

Brpvity and ctinciseticss compel the omission Q 
all biographical rcfcrenct-s. 



UANUAL 



LANE MEDICAL LIBRARY 

To avoid fine, till a book should be returned 
on or before the date last stamped below. 



■"" 




^^^^H 


^H 


1 


MOW BEADY. J 

nnnw-WQQl 

046 Ball, M.V. 
Eie SsBsntlals 
Iflfl? terloloffv, 


of bac- 
7 £584 




NAME 


DATE DUE 












































H 






■ 
















" -- --^ 




^^M 




.^^^1 




^^^^M 




.^^^^^^1 




y^^^^^^l 




^^1 




1 



